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riiEFACE TO SECOND EPITION. 



In the preeent edition the bulk of the matter lias 
been cecast, and mateiiallj added to, witli a view to 
increase its ntility. The uniformly kind and sugges- 
tive criticisms of the first edition have aided me, and 
I have in many cases adopted improvements proposed 
by oorrespoudenta and reviewers, notably by supplying 
ivoodoats of most of the apparatus described. In my 
former edition, the descriptions were given almost in 
the ipsis»bna verba of the inventors, as it appearei^ to 
me that they, if anyone, should know bow to describe 
their own ideas. In the present edition these de- 
scriptions have, however, been altered to render them 
it is hoped more plain. 

When opinions are at vaiiance about the action of 
an anesthetic, or the value of a method, I have en- 
deavoured to. present the arguments fairly, but as 
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the book is intended rather as a practical manual 
than as a disputatious treatise, all discussions have 
necessarily been curtailed. While many of the illus- 
trations are original, some are lent by the courtesy 
of the firms who make the apparatus they depict, or 
are placed at my disposal by the kindness of pro- 
fessional colleagues, and to all of these I tender my 
thanks. 

82 Mortimer Street, 

Cavendish Square, W. 
June, 1892, 



PREFACE TO fffiST EDITION. 



The introduction of anfflsthetics, wliioh baa done bo 
much to rob snrgery of its horrorB, alike for tlie patient 
and the operator, has created a great demaad for per- 
sons capable of administering these pain- destroying 
agents, without unfortunatel; sxciting, as a rule, bo 
great a senae of responsibility in the adminiBtratoc 
as his diEBcult aud dangerous duties should render 
obligatory. 

It is surprising that surgeons who have witnessed 
the attempts of novices to give aoffiathetics, should hold 
any view save that no one is capable of safely giving 
any ancesthetic unless he has been carefully taught and 

' has obtained considerable experience. 

Personally, I do not believe that the perusal of any 
book will enable a medical man to do more than learn 

I the indiments of annsthetising ; but a book may be of 
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undoubted service to the thoughtful student or practi- 
tioner, in enabling him to appreciate the dangers inci^ 
dent to, the caution necessary in anaesthetising, and 
to grasp the rationale of the various methods of pro- 
cedure. 

Unfortunately, the subject of anaesthetics has for 
some years escaped the notice of the scientific side of 
the profession, and has as a natural result been rele- 
gated to the domain of routine. 

In this book, which has been written purely from the 
stand-point of every day practice, 1 have attempted to 
indicate that the matter dealt with has a scientific as 
well as a work-a-day aspect, and that he who desires 
to be more than a mechanical (and hence dangerous) 
administrator of anaesthetics, must be scientifically, as 
well as practically, educated in his art. 
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CHAPTEE I. 
Historical. 



Means for producing atirgical aatesthesia were practi- 
cally unkaoiVD uatil Wella introduced nitrous oxide, 
Morton employed ether, aud Simpson chloroform. 
With the first employment of these three agents com- 
meuces the history of artificial aiifeBthesia, although 
fi;om very early- timea attempts were made to attain 
painlessness during surgical operations. 

Nepenthes or sedative draughts to relieve severe pain 
are mentioned in the Odyssej — Helen Beeka to drown 
all sense of woe and asbua(,e the b iSermgs of 
Menelans. In Egjpt Cannabis Indica the modern 
Haschiah, and other dmgt> were similarly used The 
Assyrians and ancient Chinese teem to ha\e employed 
various dxugs with a view <( Jielie\m„ the pam of 
wounds and such rough surgery as was prictiaed 
amoug them. Op um Cannihis Inliua carbonic di 
oside, and deadly nightshade, were advocated m varione 
forms to achieve this object. Pliny aud Dioscorides 
deactibe several methods in vogue among the Eomans 
and other nations for benumbing parts subjected to 
incision and cauterisation. Memphia marble, for exam- 
1 pie, was finely powdered and applied to the part, while 
on the addition of vinegar a gas was given off (carbonic 
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dioxide) which rendered the part slightly anffisthetio. 
Various members of the EuphorbiaceK, Mandragora, 
and SoIanaceouB plants, were also employed as infu- 
Bions, which being drunk induced some narcotism. 
Attempts at anfestliesift by inhalation were very early 
practised. The Scythians burned Cannabis Indica and 
inhaled its fumes, to alleviate pain. 

In more modern times little advance was made until 
the present century. Most surgeons were contented to 
put their patients deeply under opium. In 1661, 
Grreatrakes, a professional " stroker," also practised an- 
testhetic mesmerism. He performed before Charles II. 
In a M.S. dated twenty years later, one, Donis Papin, 
wrote that ho possessed the means whereby he could 
abrogate all painful sensations during a surgical opera- 
tion, but what his method was, is left unespLiined. 

In the 16th and 17th centuries Valverdi and others 
operated upon patients stupefied by compression of the 
carotid arteries, so depriving the brain of blood. In 
this practice they seem to have been anticipated by 
the Assyrians, who are reported to have compressed 
the veesels of the neck to render painless the operation 
of circumcision, James Moore, an English surgeon, in 
1784 revived a suggestion, originally made by Ambroise 
Par^, that eompresaion of the nerve-trunks should be 
practised before cutting the areas supplied by them, 
and John Hunter actually took advantage of the plan, 
and amputated a leg in St. George's Hospital after 
firmly compressing the crural and sciatic nerves. Mr, 
lloore espressed himself satisfied with the result. 

A departure in an entirely new direction was made 
by Mesmer and his followers, who averred that patients 
thrown into the "magnetic state" ({.^.hypnotised) 



eonld be surgically treated without auy pain or iucon- 
I Tenience. Long before Meamer lived, a belief had been 
' onn'ent that the natural magnet possessed powers 
■which were both curative of disease and capable of 
establishing antesthesia. Thus Cardan (1584) recounts 
how the magnet cotild be employed to abrogate pain. 
The germs of the facts now known and. accepted nnder 
the terms animal magnetism or hypnotism bore a fruit- 
I ful harvest of windy words, Paraoelsua, Gloeenius, 
I Burgrave, and others, contributing largely thereto. By 
[ Anthony Meamer (born 1734) however, the matter was 
' advanced from theory to practice, and although we may 
L carp at Mesmer as a charlatan and (^uack, we must 
I accord to him a meed of gratitude for establishing upon 
I s practical basis a eeienoe which before his age was lost 
I in uaeleaa verbiage. In 1766, Mesmer published his 
J ■work, "The Influence of the Planets in the Cure of 
I Disease," which maintained that the celestial orbs 
r Bxerciaed, by means of "animal raagnetiam" — an all- 
I pervading fluid, an influence benign or malign on 
I tnman beings. Fourteen years later, in conjunction 
r with a Jesuit called Father Hell, Mesmer undertook 
I the cure of disease by means at first of the magnet and 
I steel tractors, but finally of manual passes. The 
I plaudits whicli at first greeted him in Vienna were ere 
I long changed for the most hostile treatment, the 
t learned bodies of his own and other countries treating 

■ hia writinga with contempt and himself with contumely. 
I Leaving Vienna, Mesmer esploited Paris, where he 
I'fonndod the widely famed hospital whereat were treated 
B-A great number of patients. In 1785 a royal commission 

■ was appointed to enquire into Mesmer'a pretentions, 
I but this and subsequent commissions unfortunately con- 
I B 2 
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faseil the issues in question, imU wliile they decided that 
Meatner and his immediate adherents were nnwortliy of 
credence, they failed to discriminate the eubstratum of 
truth underlying their teaching and practice. After 
Mesmer's downfall the subject was kept before the 
world by the practice of the Marquia do Puysequr and 
the somnambulists. In 1829, Cloquet amputated a 
breast, the patient being rendered insensible tlirongh 
having been thrown into the hypnotic state. Elliotsou, 
Bt firm believer iu the practical uses of animal mag- 
netism in surgery, employed it on several occasions 
with success. Braid, of Manchester, in 1841 made 
considerable trial of what he called the neurhyp- 
notic trance as a means of producing surgical anies- 
thesia. Similar experiments were carried out in India 
by Dr, EsdaUe, who performed no less tlian three 
hundred operations upon patients in the hypnotic state. 
Spasmodic attempts have from time to time been made 
to revive the practice of hypnotism for the induction of 
antesthesia with but partial snceess. It has been found 
that while only a certain number of persons are ca] 
of being completely hypnotised e\eu these as a 
require several seances under the hands of the magnet 
iser before the requisite degree of msen'^ibihtj to pain 
attained. Again, the mental state thus called in 
existence is in a large number of cases highly preju 
dicial to physical and moral well being, and hence the 
consensus of opinion at present goes rather adveiuclj 
to the employment of hypnotism m antesthetic practice, 
save in very exceptional circumstances and under care 
fully guarded conditions. 

In the 18th century the history of disoovenes con 
earning aniesthetic methods becomes meig,ed in that 




of the progress of chemical research. Halea, Lavoisier, 
Priestley, and Cavendiali, opened up rich stores of know- 
ledge by their discoveries among the gases. Oxygen, 
nitrogen, nitric oxide, were prepared and closely studied, 
and, io 1772, Priestley added nitrous oxide gas to the 
hst. Pneumatic chemistry, till then nnknown, became 
the absorbing theme among chemists, while physicians 
Bought to bring the recent diseoveriea to account by 
pressing these gases into the service of medicine. Dr. 
Beddoea in 1798, assisted with finances by Wedgwood 
the renowned potter, inaugurated hia Pneumatic Insti- 
tution at Chfton, where he proposed to treat phthisia 
and many other diseases by inhalations of various 
gases. 

The Pneumatic Institute is interesting mainly be- 
oanae its first superintendent was Humphry Davy, who 
prosecuted therein his researches concerning nitrous 
oxide and other gases. In 1799, Davy discovered that 
" as nitroas oxide, in its extensive operation, appears 
capable of destroying physical pain, it may probably be 
used with advantage during surgical operations in which 
no great effusion oi blood takes place." Davy substan- 
tiated his etatemeuts by most careful experiments upon 
the lower animals, extending Halea' research, which had 
been confined to mice, and demonstrating many facts 
the practical uses of which were not appreciated for 
e tlian forty years later. But bis philosophic mind 
did not content itaelf with hmitiug hie experiments 
here ; he actually inhaled the gas and found its influ- 
ence to assuage the pains of toothache, and in his 
" Besearehea " are recorded his own sensations and the 
behaviour of others after inhaling nitrous oxido gas. 
Early in the nineteenth century Dr. Hickmann sug- 




geeted that a paialess mode of operating might be 
achieved by the patients' inhaling carbonic acid gas, 
but his proposal met with scant favour. 

The discovery made by Davy was not brought within 
the field of practical application until Horace Wells, a 
dentist of Hartford, Connecticut, conceived the idea of 
using nitrous oxide gas as an aufesthetic for tooth ex- 
traction. Wells went to a popular lecture delivered 
before the inhabitants of Hartford by a Mr, Cotton, an 
itinerant lecturer on ehemietiy. During the perform- 
ance oue of the audience inhaled an impure sample of 
gas and became very escited. In the course of liis 
gyrations this individual wounded his leg hut felt no 
pain, a circumstance of which Wells was not slow to 
take notice. The following day, Dec. 11th, 1844, Mr. 
Colton at the request of Wells administered gas to him, 
and during the ensuing unnousciousness, a Mr. Eigga, 
another dentist, extracted a molar from Wells' jaw. 
After successfully employing gas aa an anasthetic 
among his own patients. Wells essayed a public 
demonstration in the operating theatre of the Boston 
General Hospital. The individual upon whom this 
experiment was tried was not rendered completely 
unconscious, and gave unequivocal signs of having felt 
pain. This failure not only ruined Wells, who died in 
great poverty not long afterwards, hut discredited 
nitrous oxide aa an auiesthetic, 

Colton Bubaequently induced various dentists to ex- 
periment, and in 18G7 he was able to give a record of 
20,000 successful cases. In 1866"^' tlie anesthetic pro- 
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per ties of Eitrous oxide gas were successfully demon- 
etiatud at the Deutai Hospital of Louilou, and a 
committee of the leading Euglisli dentists wa3 formed. 
The two reports published by theae geutlemen, and 
read before the Odontological Society of Great Britain, 
spoke in warmest praise of the agent, and practically 
established its claims as a safe and efficient anesthetic 
for short operations, in spite of considerable opposition 
on the part of certain members of the medical pro- 
fession, who denounced nitrous oxide as dangerous and 
unaatiiifactory. 

Ether is said to have been discovered by an Arabian 
ohemist, Djabar Yeber, and its Cicthod of manufacture 
by Dr. Miuhael Morris. As an aniesthetic, however, it 
is commonly held to be due to American enterprise. It 
was fairly well known, and its properties recognised, as 
early as 17S5, when Dr. Peai'son, of Birmingham, em- 
ployed it as an inhalation for asthma, and early in the 
present century it was used in the treatment of phthisis. 
In 1818 a paragraph appeared in the Journal of Science 
and the Arts, which although unsigned is generally sup- 
posed to have emanated from the pen of Faraday ; it 
runs : — " When the vapour of ether is mised with com- 
mon air and inhaled, it produces effects very similar to 
those occasioned by nitrous oiide." Then follows an 
account of an experience with ether ; a gentleman who 
inhaled became " lethargic," and so remained for tliirty 
hours. Facts about the narcotic properties of ether 
e rapidly brought to hght, and the writings of Orflla, 
Brodie, Giacomiui, and Christison, aU give more or less 
accurate accounts of the stupefying effects of ether. 
About the year 1840 it was a common trick ai 
and among medical students to inhale ether-\ 
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order to induce esbilaratioa. A number of lads were 
indulging in this pastime in the outskirta of Anderson, 
8. C, aud to stimulate further their mirth eeized upon 
a negro boy and forced him to inhale ether, pressing 
the vapour upon him until he became deeply narcotised 
and apparently dead. In an hour, however, to the 
delight of his tormentors, the negro resumed conscious- 
ness. This scene impressed itself so deeply upon one 
of the lada, named Wilhite, that when three years 
Bubsequeutly he became the pupil of a Dr. Long, of 
Jefferson, Jacksou County, U. S. A,, he narrated to 
him hia experiences of ether. As a result Dr. Long in 
1842 administered ether to a patient, and while he was 
narcotised removed a small tumour. The same sur- 
geon employed ether as an amesthetic on several sub- 
sequent occasions with a like success, hut somehow the 
matter did not attract any particular notice. Other 
medical men also about this time employed ether for 
surgical annsstheaia. A student named William Clarke, 
in 1842, administered ether at Rochester, New York, to 
a patient for tooth extraction, and Dr. Marcy, an 
American, operated upon an etherised patient in 1844. 

However, the employment of ether as an an£esthetie 
is more usually associated with the name of Morton, a 
dentist of Boston. William T. G. Morton was a pupil 
of Horace Wells, and from his master ho gathered his 
first impressions concerning artificial anesthesia. It 
■would subserve no useful purpose to open up the 
miserable quarrels and recriminations which have been 
connected with Morton and his share in the introduc- 
tion of ether as an anjEHthetic. I will, therefore, merely 
state the facts as far as I can do so without bias, and 
after reading both sides of the controversy. 
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Wells made Morton liis partner in a dental practice 
he proposed to start in Boston, The removal from 
Hartford to Boston was conseciuent upon ft discovery 
Horace Wells had made of some solder with which he 
hoped to achieve great things. To confirm hia own 
estimate of the value of this solder he calJed in a Dr. 
Jackson, a scientific chemist, who expressed a favour- 
able opinion. However, the partners soon fell out, and 
Wells returned to Hartford, leaving Morton in Boston. 
The latter asked Wells for information as to the pro- 
duction of nitrous oxide, and was hy him referred to 
Dr. Jackson. It was suggested hy the chemist that 
trial should he made of sulphuric ether instead of 
laughiug-gas, since it was more easily ohtained. Act- 
ing upon the suggestion, ether was given and teeth 
were extracted without pain. This success was followed 
by a public demonstration, October 17th, 1846, in the 
Massachusetts General Hospital, when Morton adminis- 
tered ether, and Dr. Warren, a well known surgeon, 
proceeded to operate. The experiment was repeated, 
and each time proved a remarkable success. 

In England, tlie first administration of ether took 
place in Gower Street, London, close to University 
College Hospital, when Mr. Robertson, a dentist, gave 
ether and removed some teeth. This took place Dec. 
lath, 1846, at the house of Dr. Boot. 

On December 21st, Liston amputated through the 
thigh in University College Hospital, the patient being 
etherised. Dr. Snow, early in 18i7, commenced the 
successful administration of ether in St. George's 
Hospital, hut upon the introduction of chloroform he 
gave up ether for its more savoury hut leas safe rival. 
On January 19th, 1847, Dr. (afterwards Sir James 
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Young) Simpeon administered etlier to a woman in 
childbirth. Notwithstaodiug favourable esperiencee of 
many, ether was not rendered popular for some years 
Bubsequently. The methods in vogue for its adminis- 
tration wore far from satisfactory; many patients never 
got beyond the stage of exhilaration and wild excite- 
ment, and their struggles and hacchanalian shouts 
were prououuccd highly embarrassing to the presiding 
surgeon. Those considerations led Liston and other 
eminent surgeons to regard ether with suspicion, and 
made them diffident in invoking its aid to their assist- 
ance. However, up to the time of Simpson's world- 
famed pamphlet, }\uti£e of a new aimstlietic agent at a 
substitute for siilpliuiic ether in uirgery and midwifery, 
November, 18i7, ether was slowly but surely winning 
its way as a safe and trusty antesthetic. With, bow- 
ever, the introduction of chloroform, came the coup de 
grace to ether. With an almost incredible rapidity 
chloroform supplanted her elder sister, not only in 
Great Britain but almost throughout the world; in 
America, however, many surgeons still clung to ether. 
The story of the introduction of chloroform is soon 
told. Sir James Y. Simpson, not wholly satisfied with 
ether, in obstetric practice, asked Mr. Waldie, the 
Master of the Apothecaries' Hall of Liverpool, if he, as 
a practical pharmacist, knew a substance likely to be of 
service in producing antesthesia. Mr. Waldie being 
acquainted with the composition of "chloric ether," 
suggested that its " active principle," chloroform, should 
be prepared from it and used. He never carried out 
his promise to prepare some, and so the desired sub- 
stance was obtained in Edinburgh, and Simpson ex- 
menting found its use perfectly satisfactory. This 
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favourable opinion be espressed in Lis paper read before 
the Medico-Chirurgical Society of Edinburgh, Nov. lOtli, 
1847. On Nov. 15tb, 1847, Simpson i>erformed at Edin- 
burgh bia first operation, the patient being under the 
iuflnence of chloroform. It is curious to note how 
narrowly several persons escaped discovering the vulue 
of chloroform as an antestbetic. Thus, chloric ether, 
a twelve per cent, solution of chloroform (by volume) ia 
spirits of wine, was employed by Dr. Bigelow, of Boston, 
but witliont success. Jacob Bell, of London, however, 
actually produced inseusibihty by its use as an inhala- 
tion, and Sir William Lawrence the surgeon employed 
it with some success alike in private and hospital ])rac- 
tice. Chloric ether was also used at St, Bartholomew's 
and the Uiddleaes Hospitals, but the great uncertainty 
of its action and the expense of procuring large supplies 
effectually prevented chloric etlior from gaining gi-ouud 
as an auiesthetic. Chloroform was experimentally 
studied by Flourens in 1H47, but no practical uses 
were made of his work. For some while chloroform 
was beheved to be a " safe aniesthetic," an impression 
to which the language of Simpson's pamphlet rather 
lent itself, although certainly no explicit statement to 
that eEEect can be found. Unhappily this belief re- 
ceived a rude shock when on January 28th, 18-18, a 
death from chloroform was reported at a place near 
Newcastle- on -Tyne. This untoward occurrence was 
Boon followed by other deaths, and men's minds be- 
came anxious. At this pass Snow, with that earnest- 
ness and acumen which characterised all he undertook, 
commenced his researches into the subject. 

In 1848, Snow published his "Experimental papers 
on narcotic vapours." 
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Although he improved upon the methods in vogue for 
the exhibition of ether by the invention of his inhaler, 
Bnow did not advocate at all strongly the merits of that 
vapour over other narcotics. In 1847 he perfected his 
chloroform inhaler, being actuated by the belief that 
this auffisthetifl kills through being iiaed in too con- 
centrated a vapour. Snow's experience, like that of 
moat others, made him regard chloroform as dangerous, 
and so in 1856 he was tempted to investigate amylene, 
■which he found to deserve his good opinion. A Com- 
mittee appointed by the Eoyal Medical Chirurgical 
Society of Great Britain tendered their report in 1864, 
■which strongly insisted upon the danger of chloroform 
and the inconvenience of ether as then administered. 
Therein were embodied many suggestions, some of 
which Clover, who had then achieved a high reputation 
aniestbetiat, was not slow in carrying to a prac- 
tical issne. In 1862 he had constructed and published 

account of his chloroform apparatus by which he 
regulated the percentage of vapour administered. 
Pollock and Warrington Haward in this country were 
keenly alive to the dangers of chloroform, and they loat 

opportunity of urging the use of ether, an advocacy 
for which we must always feel grateful. But as time 
went on Clover was less and less inclined to use chloro- 
form. For minor operations he found nitrous oside 
gas given by his apparatus to answer beat, and he was 
led to seek some means of prolonging aniesthesla so 
obtained. This he achieved by the employment of 
combination with ether, for which he soon de- 
vised an admirable apparatus, described in the British 
Medical Journal in 1876. Subsequently his portable 
legolating ether inhaler was introduced, and it was 
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mainly by the compactness and efficieucy of tbis instm- 
ment tliat tUe practical question, Ixow to give ether 
rapidly and safely, became answered. In 1879 the 
British Medical Association undertook to re- investigate 
the question of the relative safety of the various antes- 
theticB, and appointed a committee to carry out experi- 
ments. The conclusions to which this, the " Glasgow 
Committee," arrived were iu favour of ether, as they 
found chloroform lowered the blood tension and de- 
pressed the action of the heart. In 1880 the Nizam of 
Hyderabad, at Ihe suggestion of Surgeon- JIajor Laurie, 
granted a considerable sum of money to re- investigate 
the question, and the first Hyderabad Commission, 
working upon email mammals in India, came to con- 
clusions more favourable to chloroform. As these 
investigations were not held convincing by English 
experts, a second Hyderabad Commission, in which Dr, 
Lauder Brunton assisted, went over the ground again, 
and corroborated the results before obtained. These 
experiments are considered at length in the chapter 

J with chloroform. 

i undesirable to enter further into detail. The 
i history of anasthetics is mainly that of 
attempts to introduce fresb substances or to modify the 
modes of administering the old ones. But few note- 
worthy advances can be mentioned : Snow, Clover, 
Richardson, in tliis country, Claude Bernard, Paul 
Bert, in France, with others, have devoted much time 
and labour to the scientific questions connected with 
anEBsthesia, but any account of such labours, to he in- 
telligible, would occupy more space than can here be 
devoted to the subject. 



CHAPTER n. 

m 

Patient and Csoicb op an Akjis- 

THBTIC, 



Ai-THonoH tlie ameBthetiat seldom baa the choice of 
time given to him, the selection of a suitable hour for 
the operation is not a matter of indifference in adminis- 
tering' an aniesthetic. The effect of anffisthetisation 
npon the robust may be considered trifling and transi- 
ent, yet when the person anieathetised is an invalid, 
and either weakly or highly neurotic, it is certainly not 
80. Individuals are more hable to after-effects of an 
unpleasant character when their bodily condition is one 
of nervous exhaustion and lowered vitality. It is then 
inadvisable, nnleaa over-riding circumataucea should 
exist, to give an aniesthetic after a prolonged fast — for 
instance, in the early morning before food has been 
taken. Similarly, it ia inadvisable to select an ad- 
vanced hour of the evening when the body will be spent 
with a day of activity or suffering. Further, an anres- 
thetic should not bo given within three hours after a 
meal of solids, aa a full stomach impedes the produc- 
tion of narcosis and leads to vomiting. This last 
occurring during partial narcosis may occasion fatal 
accidents through solids being drawn into the trachea. 
It is well, therefore, to select the period of greatest vital 
activity, and this is found in most persons in the morn- 
ing or early afternoon. Arrange for a light meal of 
I loft and easily digested matters to be taken three 
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I hours* before the surgeon should arrive, Tiiis may 
consist of milk foods, stroug beef-tea, or jellies, etc., 
I varying with the time of the day and the choice of the 
patient. Weakly persons with feahle heart-action will 
certainly do well to take a little good brandy or whisky 
(one or two table-spoonfuls in au equal r[uantity of milk 
or water) half au hour or so prior to the operation, 
I though it is not wise to make the administration of 
atimulanta before au aniestlietic a mutter of routine. 
In every instance it is recommended that the bowels be 
cleared overnight with a purge. 

The following ia a condensed form of a uaoful regimen 
lO be adopted at the time of an operation : — 
Operation at 9 a.m. 

Beef-tea or thin corn flour to be given at 6 a.m. 
Operation at 9 a.m., completed by 10; if sickneaa 
oeetir very hot water may be given in sips from a 
feeder or porcelain apoon. At 2 p.m. Brand's or 
Edge's essence of beef in jelly ; if much thirst ioo 
may be sucked, or iced soda and milk taken. 

If very prostrate from vomiting, iced brandy and 
soda water. 

At C p.m. a light meal of fish. 
Operation at 2 p.m. 

Breakfast at 8, tea, coffao or cocoa, bread and 
milk, fish, no meat. 

Beef-tea, if deshred, at 10.80. 
Operation at 2, over at 8. 

Bread and milk or biscuit and tea or cocoa at 7 



• It is well, aalesj the patient b( 
I adapt Clorer'a rata, aud give the 1 
I tbe operntiun. 
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Wlien nitrous oxide alone Ja given, these elaborate 
details may be omitted, though even then it is well, witli 
obUdren especially, to see that they pass water before 
being anssthetiBed, b,b urination is often performed 
unconsciously whilst under tlie influence of gaa. 

A patient about to be antesthetised sliouid be placed 
in the recumbent position, excepting cases of dental 
operations under nitrous oxide. The clothing should 
be carefully iooeened, corsets quite undone, neck bands 
left open, and waist bolts and strings removed. It is 
important that the patient be aa comfortably posed as 
ckcumstances will permit, for while tranquillity of mind 
and body go far to assist in the production of narcosia, 
anxiety and uneasiness will greatly retard its aecom- 
plisbment. He should now be asked to open bia 
mouth, and a quick glance given to aaoertain if any 
artificial dentures or an obturator, etc., be worn. 
Such, if present, must be removed with as little an- 
noyance to the patient aa possible. A further step may 
be taken in reassuring him by a few cheery words, and 
if neoeasary, directions aa to how he is to take the 
aiiEBsthetic. Such instructions are often of real service 
by giving him something about which to think. 

"When, however, the anEestbetie is once well on the 
way, quietness and silence must be maintained ; noise 
— especially in the case of nitrous oxide — militates con- 
siderably against easy and tranquil aniesthetisation. 

The choice" of an ADSsttaetic must depend on 

1. The condition of the patient. 

2. The necessities of the operation. 
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Ether, either in siicoeaBJou to nitroua oside according 
to Clover's method, or given by itself, is the best and 
safest anffistbetis for general purpoijes, and should be 
i as the routine method of producing unconaci- 
before operations. There are, however, con- 
ditions which are often held as justifying a deviation 
from this routine, and iliese are noticed below. It may 
be pointed out, however, that, although apparently a 
long list, these conditions really represent a very email 
minority of cases when compared with the great num- 
ber of instances in which ether should unhesitatingly 



Children.— 'In flints and young children hear 
chloroform well, and resent having their month and 
nose covered by a face piece, an objection, although 
by no means an insuperable one, to the use of ether. 
In many instances also ether produces much bronchial 
trouble, so that a better anieslhetic in these cases 
is the A. C. E. mixture, or one of chloroform and 
alcohol. Children about five or sis years of age 
should be given gas and ether, unless they are 
notably the subjects of respiratory trouble. They 
wUl probably strongly rebel against having the face 
piece applied, so that if it be desirable to avoid 
"a scene," the mistures of chloroform, alcohol, and 
ether, may he substituted and given by the open 
method. Ethydene dichloride is advocated for chil- 
dren by some, but esperience proves that it is not 
taken more readily and does not appear to be in any 
way safer in its action than chloroform. Although the 
use of chloroform is unquestionably attended witli 
happy results in the case of children, it must be remem- 
bered that deaths from this agent are by no means con- 
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fined to adults. It cannot, Hherefore, be too strongly 
impressed upon the mind that children ran a risk, and 
probably as great a risk, in chloroform narcosis as do 

adults. 

Pulmonary Disease. — Persons of early adnlt 
and adult life should have ether given to them, 
provided always they are free from pronounced pul- 
monary affections and renal diseases. With regard 
to asthmatics, and those suffering from chronic 
cough, dyspncea, or emphysema, the A. C. E. mix- 
ture should be tried, but if the ether in this still 
gives distress, its quantity may be decreased, or the 
Vienna compound used instead. And should the pati- 
ent suffer greatly from the exclusion of air, through the 
employment of an inhaler, chloroform can be given by 
the open method, as that substance will not only pro- 
duce ansBsthesia but will obviate asthmatic seizures. 
For the subject of chronic bronchial disease the choice 
of an ansBsthetic should be made solely by consideration 
of his symptoms. In the presence of much dyspnoea, 
diluted chloroform will be found far preferable to ether. 
Emphysematous individuals with large (bullock's) 
hearts are always anxious cases requiring great nicety 
of treatment. On the one hand lies the possible dan- 
ger of ether producing a water- loprged condition of the 
rigid chest, and on the other a more than probable 
danger of syncope through the depressant action of 
chloroform on the enfeebled, dilated heart. In this 
dilemma I have found the A. C. E. mixture to answer 
well, though it needs careful watching, as many and 
grave symptoms may occur during its use. Among 
persons who have but one available working lung — as 
•"hen the other is bound by pleuritic adhesions subse- 
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qneut to effusion, or wlien one ia compressed by an 
effusiou or empyema — tlie choice of an amestlietic be- 
oonies oue of difficulty. Id such cases ether ia badly 
borue, and chloroform diluted with alcohol is preferable. 
And again, the heart, in these cases being often so 
pressed upon or displaced, is intolerant of further de- 
pressing effects ;** hence extreme caution will be found 
necessary. 

Renal Disease. — Where the kidneys are much 
damaged and there is considerable danger of suppression 
of urine, ether ia by many held to be contra- indicated. 
Certainly in many instances no such untoward result 
has been brought about ; still, perhaps it ia well to sub- 
stitute the A. C. E. misture for ether, for those patients 
who are the subjects of pronounced renal disease. 

Aetbbial disease, if present in any grave degree, 
whether fibroid or due to senile change when far ad- 
vanced, is a contra- indication I'or the giving of pure 
ether. The blood pressure would be increased by this 
snhstance, the heart's work augmented, and consider- 
able strain imposed upon the diseased arterial walls by 
which they become in danger of rupture — a result 
liable to occur in the brain and leading there to the 
gravest consoqaences. 

For the aged, that is for those over 60 years of age, 
chloroform is commonly held to be preferable to ether 
and in many instauees this is true. It is, however, 
true only because persons past middle life are often the 
subjects of chronic bronchial trouble ; they are also ire- 
quently diseased in their vascular systems, and upon 

• An; iiudden clinage in tlie posture of tlie [latieot la dangerODii 
111 muot be ttvoideil. On tliis subject see the article on ctlieriaulion 
r *j the reutQBi Chapter IV. 
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that account liable to be injuriously affected by ether. 
Old persons too, like infants, are susceptible to a bron- 
chial and laryngeal irritability which ether excites, 
producing in some distressing cough, dyspncea, and 
exhaustion. However, for aged and feeble subjecta 
with weak hearts and depressed vitality, ether, notwith- 
standing the drawbacks alluded to above, is beyond 
doubt the best ancestheuc. 

In CONDITIONS OP COLLAPSE, e,!/., rdlway smashes, gun- 
shot wounds, strangulated hernia), ruptured viscera, or 
conditions when the vitahty has sunk very low, as in 
the ease of carcinoma affecting the cesophagus, pylorus, 
and causing chronic starvation ; also in collapse due to 
severe hiemorrbages or other causes, or provoked 
by high temperatures, it may be necessary to per- 
form an operation, and it will usually be desirable to 
administer an ansBsthetie. Ether if properly adminis- 
tered is, I am sure, the best and safest anffisthetic for 
these cases. It should be given from a Clover's inhaler 
as when that apparatus is properly handled there need 
he no dyspncea or impediment to respiration. Very 
little anffisthetic is required, and the mask may be 
taken off during inspiration every three or four respira- 
tions When there is very considerable respiratory 
trouble complicating the case, the A. C. E. mixture 
may he substituted for otlier and given either by means 
of an Alhb inhaler a cone or upon lint. Still, ether is 
j ar ejrcelle} ct the aniesthetic as it not only produces 
narcosis but stimulates the heart and aids the circula- 
tion 

In aioEBijS LfEDis — It often becomes a question as to 
what antesthetic shouH be employed iu cases of organic 
heart disease To answer this question we have to eon- 
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elder firstly, the various forma of valvular disease, and 
secondly, the conditioua of hypertrophy, atrophy, aud 
muscular degeneratiou, as well as the pericardial condi- 
tions which interfere with cardiac function. 

ViLvuLAB MSEiSE OF THE HEART, Bxcept when iuoom- 
petency at the aortic orifice occurs, does not, per se, 
greatly affect the prognosis ahout the safety or danger 
of giving an aniesthetic, although the changes brought 
about in the vessels, tissues, and organs of the body in 
general through such lesions will possibly do so. In- 
deed, it is a fact that in but few oases of deaths from an 
anesthetic have the valves of the heart been found dis- 
eased at the necropsy. 

Dbgeserations of the myocabdium. — "When the heart 
muscle has undergone structural changes, the danger in 
producing anesthesia Is greatly increased. Any altera- 
tion iu the respiratory or vascular fiystems induced by 
aniesthetics imposes an extra strain upon the already 
weakened and diseased heart — one which it is unable 
to sustain ; hence supervenes syncope. When the 
heart trouble is not complicated by pulmonary engorge- 
ment, cedoma or hydrothorax, — la in short largely oom- 
peusated, — ether should be given and a Clover's Inhaler 
employed. It has been suggested that a cone or towel 
is safer in these cases, but I cannot think this to be the 
case, since with a Clover's inhaler you can, by fre- 
quently removing the mask or refilling the inhaler bag, 
give any degree of dilution of ether you require. 

"When pronounced pulmonary trouble exists and 
ether cannot be borne, the A. C. E. mixture should be 
given. Should nitrous oside be administered in morbus 
coKOis? I think yes, but If the case is one of advanced 
disease and the organ is working feebly, it is wise to 
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supplement tlie nitroaa oxide by allowing it to pass 
over ethoi'- vapour. 'Ihia plan has in ray bands 
answered most admirably. Chloroform, whether pnre 
or diluted, cannot he given to persons having diseased 
hearts without increasing the risk of syncope, which 
under any circumstances they must run. 

Htpertbophied hbaets are in practice usually dilated 
hearts, and being so are musonlarly at a disadvantage. 
The same rules given for guidance above will serve 
here. 

Some highly nervons, excitable persons are much 
terrified by the apphcation of a face piece, and indeed 
in some few cases the mental distress and terror thus 
excited may be sufficient to occasion serious indisposi- 
tion. In cases anch as these it ia especially useful to 
employ tlie A. C. E. misture upon lint, replacing it by 
ether from Clover's inhaler so soon as the patient is 
BufBciently dazed as not to perceive the alteration. 

Freg^nant women talce aU forms of anesthetics 
well, but if excitable and nervous as they are apt to be, 
it is bettor to avoid the coughing and straining which 
may follow the employment of ether. It will be found, 
however, that unless very nervous, women in this con- 
dition take nitrons oxide followed by ether well— nor 
are they more hablo to after trouble than at other 
times — in all such instances, as httle of the ansBthetio 
should be given as is consistent with true auEesthesia, 
since it is manifestly important to avoid vomiting. 

From the surgeon's point of view- — ^to decide upon the 
choice of an ansesthetic is difficult, as it is impossible 
to lay down hard and fast rules where there will ba 
always conflicting considerations. 



Opekations about the Head, Pace, Tkachea and 
REspiRAToRy Teact. 

Brief operations about the mouth, nose, or 
pharynx, such as the extraction of teetli, escision of 
tonsils, opening of abscesses, tearing off mucous polypi, 
etc., can often be performed under niti'ous oiide. With 
this agent from -5 to 1 minute of unconsciousness can be 
expected. If the operation is likely to occupy more 
than this time, and if the cautery is not to be naed, gas 
with ether Bhoulil be employed, as this combination will 
prolong antesthesia, Id operations accompanied by 
severe hiemorrliage, but which do not need much time, 
the gas and ether mixture possesses an advantage, iuas- 
moch as the patient rapidly resumes consciousness, and 
so the danger of blood being drawn through the trachea 
into the respiratory tract will he avoided. In operations 
for the removal of post-naBal adenoid growths, I 
have for some years extensively used gas and ether witli 
success. Some specialists prefer chloroform for such 
cases (i.) because a more profoimd and lasting aniesthesia 
is thus obtained, (u.) because less violent bleeding takes 
place at the time of the operation. Od the other hand, 
the rapid resumption of consciousness under etlier cer- 
tainly minimises the danger of blood entering the lungs. 
When tlie operation is likely to prove a prolonged one, 
chloroform will be more satisfactory to the operator. 

Staphyloraphy necessitates the mouth being open, 
and it is a matter of consideration that the operator 
should have free and miiuterrnpted access to the buccal 
cavity. To effect this, the patient can be put under the 
influence of chloroform and maiutainod so by auiestbe- 
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tising through the nostril (na described in Chap. V.). 
The Bame procedure answers for operations about the 
tongue. (See also Chap. IV). 

Removal of the upper or lower jaw should 
be performed under chloroform, as the cautery is often 
requisite and the use of a face piece impossible. In 
extensive removals of growths about the jaws, it is fre- 
quently advisable to perform ii preliminary tracheotomy, 
and then give the anresthetic through a Trendelenburg's 
tube, at the same time plugging the pharynx. 

Operations upon the larynx, e.g., thyrotomy, will re- 
quire a, preliminary tracheotomy, and in these cases I 
prefer to keep up the ansesthesia by a Junker's inhaler 
to the afferent tube of which is fixed a eatiieter. By 
this means the amount of chloroform given can be 
more safely adjusted than when a Hahn's tube and 
funnel are employed. In all the above mentioned cases 
in which chloroform is mentioned as being more con- 
venient an alternative method exists, namely, rectal 
etherisation. 

Operations about the eyes require extreme narcosis, 
absolute immobihty and freedom from coughing being 
essential. Nitrous oxide and etlior, provided the ether 
be pushed very far, answer well ; there is of course the 
possibihty of ether exciting a fit of coughing, which, 
should the case be one of excision of a cataract, and 
should a preliminary iridectomy have been already 
may lead to forcible extrusion of the vitreous. 
But this can only arise when the patient is not suffici- 
ently under the anasthetic. There is less fear of 
ng with the use of the A, C. E. mixture. 

In excision of the eyeball, where coughing is not of 
Bucb moment, ether may be used, and should be pushed 




to deep narcosis before proceeding witli an operation, 
For passing probes or slitting np tbe lacrimal canals, 
gas ia not satisfactory, aa tbe jactitation interferea witli 
the operator; hers the use of gas and ether answers 
every purpose by obviating involantary movements. 

For operations about the thorax, a mixture (A. C. E.) 
ie usually more advantageous than chloroform or ether 
when given alone, so that where there ia especial reason 
for fearing the respiratory difficulty of ether, this agent 
should be substituted. For tapping in cases of pleuritic 
effusion, gas is sufficient. Chloroform in cases of 
empyema seems peculiarly hable to dangerous results, 
the heart ie usually hampered and respiration abnor- 
mally performed ; several deaths have resulted from 
chloroform given in such cases. 

It is in these operations that rectal etherisation seems 
likely to he of very great service. (See Etherisation by 
the Rectum). 

An DO JON At, SoKGEKY. 

In dissecting operations, when tranquilhty of respira- 
tion is desired, as in operating for tbe radical cure of 
hermainyoungcliildren,amisture, methylene, A. C.E., 
&c., must be employed instead of ether, but for all 
prolonged and exhausting operations ether should be 
given unless strongly contra -indicated. Thus I have 
found for cffisarian sections, ovariotomies, hysterec- 
tomies and ablation of the kidney, ether if carefully 
given answers very well. 



There is a consensQS of opinion in favour of chloro- 
form hi these cases, baaed partly upon the asBumption 
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that this agent is comparatively safe for parturients, 
and partly upon the more agreeable character of the 
substance. This assumption, however, is open to doubt, 
for chloroform cannot be in any way deemed freer 
from danger in childbirth than at any other time. If 
chloroform be employed it should not be entrusted to 
the hands of a nurse or other person unless skilled in 
its use. The various mixtures answer well in assuaging 
the pangs of childbed, and are probably safer than 
chloroform. Ether, though advocated by some, is dis- 
advantageous in these cases, as it may provoke strain- 
ing, coughing, sickness, and headache,** but for general 
obstetric operations, and especially where the patient is 
exhausted and needs stimulating, ether may be usefully 
employed. In short it may be said that chloroform or 
the A. C. E. mixture may be employed as an anodyne 
in labour, ether when surgical ansBsthesia is necessary. 

• In my private practice I have met with cases of women who after 
trying chloroform preferred to take ether in their confinements, stat- 
ing that it produced more exhilaration and general feeling of well- 
being, while it assuaged their pangs more efficiently than chloroform. 




Gas." 



Ckanical and Physical Propert i^m.—Nitroub Oxidb 
Gas [NaO] is a colonrleBa body almost devoid of 
odour. It posseases a neutral reaction and consists of 
nitrogen and osygen in chemical union, thus differ- 
ing from tbo air, whicli is composed of these gases in 
mechanical misture. Nitrons oxide gas posaeasea well- 
defined anffisthetic properties, which appear to be quite 
distinct from the asphyiial symptoms frequently ac- 
companying its administration. This gas agrees with 
osygen in many of its chemical properties ; thus, it sup- 
ports combustion when ignited bodies are plunged into 
it. At a pressure of fifty atraospheres and a tempera- 
ture of ii'G' F. (7° C), it becomes liquefied, and ad- 
vantage is taken of this to enable the gas to he carried 
about in iron or steel bottles, these latter occupying less 
space. 

NitrouB oxide is decomposed at a red heat, but shows 
no tendency to undergo change at lower levels of tem- 
perature. Cold water dissolves more than its own 
volume of this gaa, while hot water dissolves less, hence 
it is advantageous to collect it over water at 15° 0. 
Alcohol takes it up in a still larger proportion. 

Preparation. — Granulated nitrate of ammonia is 
pounded to ensure its being finely divided, and is 
placed in a strong glass retort. The capacity of the 
generator should be one pint to allow of safe decomposi- 
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tiou of three -qnarterB of a pound of nitrate of ammonia, 
one quart for that of two pounds. One ponnd of the 
Halt will make thirty gallons of nitrous oxide gas. The 
generator is then carefully heated in a sand bath or 
over a hunsen, after being connected by tubing with 
wash bottles of at least the capacity of a quart, as indi- 
cated in the figure. At 226'" F. the salt melts ; at ■160" F. 
it gives ofE gas, and the temperature must not exceed 
this by many degrees, otherwise nitric oxide will come 
over, contaminating the laughing gas. The nitrous 





oxide should bubble over, not boil over, not more than 
thirty gallons being allowed to volatilise in an hour. 
It is well to have a self-regulating gas jet, which is 
lowered as the temperature rises too much and vice 
Bottle no. 1 nearest the retort, which may with 
advantage be placed iu cold water, answers the pur- 
of catching the drippings which come over from 
the generator ; it contains clean cold water almost up 
to the lower end of the long tube. This tube is per- 



foratcd in order to break up the gns as it paBsea over, 
ftud to ensure its being wasbed out thoroughly. In 
bottle no. 2 about four ounces of ferrous sulphate are 
placed, and water to a few inches added. Bottle no. S 
contains a stick of potash, and water also added. It 
is Gometimes advisable to use an additional bottle or 
two containing simply water for washing the gas fur- 
ther. Having traversed these bottles the gas is received 
into the gasometer, which should have a capacity of 
80 or 40 gallons. When nitrous oside is stored in 
bottles, special apparatus will be needed to force the 
gas in under the pressure of fifty atmospheres. 

The impurities to which nitrous oside is liable are: — 



Chlorides. 

Other oxides of nitrogen, which produce coughing and 
feehog of euffocation. 

OU (from lubrication of apparatus) which gives a 
rancid nauseous smell to the gas. 

To test for these impurities, let the gas bubble 
through solutions of barium chloride, which will precipi- 
tate sulphates, and through solutions of nitrate of silver, 
which will precipitate chlorides, while the other adul- 
terations will be detected by the nose. 

Purification of nitrous oxide is of undoubted import- 
ance, as was shown in the earher days of anaasthesia, 
when the most bizarre symptoms were constantly aris. 
ing, many, if not all of which, were traceable to foreign 
products being contained in the gas employed. 

Some persons prefer the freshly prepared gas, but 
liquefied gas stored in bottles gives results practically 
as good. 
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i Oxide— The Ve< 



!. Kingdom. 



It appears to Biispend rather than extingnigh vitality. 
Seeds will not germinate hut remain uninjured when 
tept in it an indeiiuitQ period. Seeds, if sprouting, 
cease to develop when placed in an atmosphere of 
■this gsB, but resume their growth when again placed in 
the air. Jolyet and Blanche found tliat plants placed 
in nitrous oxide gas cease to absorb carbonic dioxide, 
and do not increase in size. When oxygen is allowed 
to mix with the nitrous oxide the seeda germinate, and 
the plants gi-ow. 



The Animal Kingdom. 

Cold-blooded animals die in an atmosphere of nitrous 
oxide in two hours. This eontrasta with what ob- 
tains when the same creatni'cs are placed in indif- 
ferent gases, such as hydrogen or nitrogen, for under 
these ctrcumstauoes death docs not occur for three 
hours and is preceded by stupor but not true analgesia, 
Kappeler has shown that frogs placed in it lose reflexes 
after a very few minutes, whereas the reflexes persist 
for several hours when the frogs are placed in an in- 
different gas, e.ij., nitrogen (Goldstein). Sir Humphry 
Davy, in his careful research, showed that small mam- 
mals and birds soou die in it, although when it is 
mixed with oxygen they live until the oxygen tension 
sinks to G per cent., as against a carbonic dioxide ten- 
sion of 12 per cent. Exposed to such measures the 
animals remain sensitive to the last, and it may be 
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stated generally tliat misturea of nitroue oxide with 
other guses under Dormal preseuie ate useleBs for 
aDcesthetic purposes. 

Animals placed in non-reapirable indifferent gasea 
become convulsed before deatb ; tliis does not obtain 
when they are made to respire nitrous oxide. Their 
respirations simply grow more and more sliallow, and 
finally cease without any of that besoin de reapirer which 
is elicited when simple deprivation of oxygen is prac- 



Erishaber experimenting with rabbits found a marked 
acceleration of the rate of the pulse, with increased 
force at first in the heart beat. Subsequently where 
anfflsthesia wae determined some retardation occurred, 
while the cardiac rhythm became less regular. Ee- 
spiration was accelerated and death resulted in two or 
three minutes. He perfonned control experiments by 
hgatnring the trachea. In these cardiac rhythm re- 
mained unchanged until after the fourth minute, when 
the heart beats grew irregular, and ceased at times 
varying from seven to eleven minutes. The animals 
remained sentient to the very last. I have repeated 
these experiments, using dogs and eats in preference 
to rabbits because these last are pecnharly hable to 
fright, and this disturbs the rhythm ahke of the heart 
and respiration, and in the main my results agree with 
EriBhaber's, Wlnle dogs die in from two to three 
minutes in nitrous oxide, they do not succumb to as- 
phyxia for five ; under nitrons oxide they grow whoUy 
insentient in from fifteen to thirty seconds, while in 
asphyxia consciousness to pain only ceases with hfe. 
Under niti'ous oxide I found the heart little afi'i^cted 
until the respiration was gravely interfered with, imd 
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then it gradually failed before totally stopping. The 
oreaturea eeemed under the gas to sink to sleep, and 
from sleep to pass into death, while when aapbysiated 
they stinggled from first to last. 



In 1 



! Human Sttbjbct. 



It is probable that this gas when administered pure, 
and not mixed with oxygen, enters the blood by diffus- 
ing through the thin walls of the air-cells in the lungs. 
In the blood, a small quantity is dissolved, but the bulk 
is connected in some loose way with the blood constitu- 
enta, probably being associated more or less closely 
with the albumins and albuminoids of the liquor san- 
guinia and corpuscles. According to Hermann nitrous 
oxide destroys the red blood corpuscles. The effect of 
shaking arterial blood with nitrons oxide gas is to 
darken it, showing that nitrous oxide gas is able to 
displace oxygen. But whatever union does take place 
is very unstable, as blood parts at once with its nitrous 
oxide when left in free contact with oxygen or air. 

Under nitrous oxide, the respiration becomes slowed 
and shallow, and, if the gas be pushed, a complete ces- 
sation of respiratory movements eventually takes place. 
The amount of tissue change occurring in nitrous oxide 
narcosis is lessened, and so the quantity of carbonic 
dioxide which the lungs give off is diminished. Sub- 
sequently to the administration, the exhalation of car- 
bonic dioxide is increased. The heart beats quietly, 
fully and regularly under this gas, the pulsations are 
somewhat slowed in profound narcosis. There is, 
however, but very slight danger of heart failure resultr 
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ing ftom iiibalatioQ. lu animals killed by nitroua 
oxide gas the heart goes on beating even after the 
respiratioHB have quite stopped. It is therefore Igbb 
important to watch the pulse than the respiration. 
Blood -press lire is somewhat lowered except in the braio 
and cord, the vasomotor system of different areas 
being, it would appear, diversely affected. TJiis lessened 
pressure is, however, but slight. 

In Bome observations I made upon this subject, I 
found that while asphyxia caused diminution of the 
balk of the brain and cord, nitrous oxide produces so 
great an enlargement aa to force out the cerebro- spinal 
fluid. There can be no doubt these changes are vaso- 
motor in origin, and explain many of the nervous 
phenomena elicited in persons narcotised by nitrous 
oxide. The great distension of the vessels must press 
upon the nerve-cells and fibres both of the brain and 
cord, and so interfere with their fonction, (Physiologi- 
oal Action of Nitrous Oxide, Transactions of Odontoloyi- 
cal SoeUty, vols, sviii. and xix.). 

In a recent essay. Dr. George Johnson has sought to 
estabhsh the contention that nitrous oxide acts wholly 
or mainly as an asphyxiant. The experiments upon 
which he bases his belief, however, appear to have been 
made without due care being taken to ehminate con- 
current asphyxia. His statement that the pulse under 
nitrons oxide is diminished, and even becomes imper- 
oeptible, is utterly opposed to my experience. Since 
nitrous oxide has to be given under ordinary circum- 
stances without access of air or oxygen, aspliyxial sym- 
ptoms will eventually supervene, but these come on 
subsequently to true anfflsthesia and need never be pro- 
duced. The peculiar muscular effects of nitrous oxide 
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gas which conetitate "jactitationB " are very difTereut 
from an epileptiform convulsion to which this writer has 
compared them. In oaeea of true epileptics to whom 
I have given nitrous oxide, jactitations have assumed 
their normal form, and sometimes a regular epileptic fit 
has occurred subsequently to tlie recovery of conscioas- 
nese. It would seem reasonable to suppose that, were 
the nitrous oxide anesthesia a simple asphyxial state 
culminating in an epileptiform fit, in the cases to 
which I have just referred, the epileptic fit should follow 
directly or even replace the jactitation. Again, iu per- 
sons who take nitrons oxide together with oxygen either 
simply or under pressure (Paul Bert), no asphyxial 
symptoms develop, and yet a more or less complete 
antesthesia is attained. 

The senses of a person passing under nitroua oxide 
are at first rendered somewhat more acute, after which 
follows B, condition of analgesia. During the first stage 
of unconsciousness, a loose tooth may be extracted 
without pain, although the patient has a vague idea 
that something is being done. A few seconds later, 
and the individual is profoundly unconscious and insen- 
sitive to all his external surroundings. Irregular dis- 
charges of nervous energy frequently show themselves 
at this stage in jactitations of the arms and legs. If 
the gas continues to be respired, the Hmbs become rigid, 
the rigidity being every second or two broken by a 
sudden contraction of the flexors. Ehythmic tremors 
of bands and arms are occasionally elicited. More 
rarely the whole body of the patient arches forward hke 
a bow (opisthotonos) jerking him out of the chair. This 
condition is especially liable to occur in children. The 
muscles soon relax and remain flaccid. The degree of 



PHYSIO LOG ICil 



' NITB0U3 OXIDB, 



rigidity aud the amonut oF jaotitation vary lu different 
; children show jaotitation early, and the move- 
ments of the limbs are more marked in them than in 
adults. Tlie superficial reflexes are abolished, that of 
patella tendon, however, persists; and in many 
cases ankle clonus is developed under nitrous oxide." 
The pupil usually undergoes wide dilatation when com- 
plete aniesthesia is attained, however this phenomenon 
is not absolutely constant and cannot be taken as an 
indication of danger. 

During the condition of hypertesthesia which pre- 
cedes antesthesia, the subject is often affected by hallu- 
cinations, frequently of an erotic nature, and tlie im- 
ions then received remain firmly imprinted upon 
the brain. The difficulty of convincing persons that 
such impressions are not realities should lead every 
administrator to secure independent evidence of his 
actions while his patient is unconscious. The bladder 
and even tlie rectum may be involuntarily emptied 
under nitrous oxide, and hence it is always wiser to 
allow patients to pass urine beforehand. As a rule the 
ahmentary tract is unaffected by nitrous oside, and 
nausea, vomiting, and biUous derangement, rarely occur 
after its administration. However, some persons 
through nervousness swallow the gas, and this causing 
distension of the stomach may give rise to a reflex 
vomiting. In view of the possible occurrence of this 
trouble, it is well for patients to abstain from food 
immediately before taking nitrous oside gas. 
Later effects, which are said in some instances to 
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ensue &om the gas, are various functional derangements 
of the nervous system, tinnitus aurium, headache, and 
amaurosis, but these conditions occur only with the 
most exceptional rarity. 



The Administration of Nitrous Oxide Gas and the 
Purposes for which Applicable. 

When used alone, nitrous oxide gas produces a period 
of ansBsthesia which seldom exceeds a minute. Many 
persons, and especially children, pass out of the con- 
dition of unconsciousness with very great celerity, and 
in them the ansBsthetic stage cannot be relied upon 
for longer than 15 or 80 seconds. 



General Surgery. 

Nitrous oxide has been used for prolonged operations, 
by narcotising with this gas, then letting the patient 
almost resume consciousness, and again applying the 
face piece and administering the gas. Dr. Carnochan 
removed a breast, the patient being kept under nitrous 
oxide for sixteen minutes. And the same surgeon per- 
formed other major operations with the same ansBsthetic. 
Mr. Bailey tells me he kept a patient unconscious for 
forty minutes while a surgeon removed a malignant 
growth from a male breast. 

As a rule, when nitrous oxide is administered more 
than once at one sitting, headache and malaise are 
liable to ensue. 

For the opening of abscesses, whitlows, and car- 
buncles; for the insertion of setons; the tapping of 



DENTAL aUBOEBY, 37 

antral abscesses ; the removal of portions of the ttvula, 
tonails, or nasa! polyps; for cauterising, and possibly 
for the passing of Eaatachian and other catheters, and 
the shtting up of the lacrimal canals, nitrous oxide may 
be need. Tenotomy, divisions of fascias, breaking down 
adhesions in and about joints, and divisions of fistulas, 
may be undertaken with this agent, but as a. rule it will 
be found better in snoh cases to supplement its use with 
that of ether. 

Many other operations of minor surgery can be 
carried throngh under nitrous oxide, and it is possible, 
by judicious management, to prolong anossthesia for 
several minutes by administering the gas again and 
again ; such a practice, however, cannot bo commended 
as it is liable to produce headache, faintness, and great 
discomfort to the patient. 



Dental Subgeby. 

Nitrous oxide alone, or combined with a very small 
dose of ether in the manner to be described hereafter, 
is the safest and best antesthetic for this branch of 
surgery. When nitrous oxide is used alone and pushed 
to the point of stertor and jactitation, two or three teeth 
may be extracted at one sitting, and expertness in 
operating may enable even more to be doufi. Abnor- 
mality of the teeth or mouth may render extraction so 
difficult as to prevent the successful removal of one 
tooth at a sitting, and in all instances care should be 
taken to avoid promising the extraction of more than 
two or three unless the case be manifestly an easy one. 
If the extracting be kept up too long, pain will bo felt, 
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and the patieut complain tliat he could feel the removal 
of every tooth ; to ohviate such complaints, an operator 
would do wisely to place himself in the hands of his 
antesthetist, who should generally be better able to 
judge what may he done with impunity. Unless some 
special reason esist for desiring to extract several teeth 
at one sitting, it is advisable to let the patieut attend 
twice or thrice rather than to subject him to more than 
one administration on the same day. Extracting a 
number of teetii simultaneously produces more or less 
severe shock. 



I. Apparatus for giving nitrous oxide alone. 

— The apparatus I find to answer best is one which is 
here figured (fig. 2), and which has been made for me 
by Mr. Blennerhassett, of London. Its main pecuhari 
ties are that (1) it is provided with an efficient "silencer' 
(K) which ensures absolute ijuietude, (2) it is adaptec 
for gas only, and so offers no temptation to the admin- 
iatrator to give " only a whiff of ether," (3) it 
a special contrivance to filter the air, and, if 
to impregnate the gas with aromatic or other vapours. 
It consists of tlie usual tripod (A), used because it is 
so portable and compact ; this supports a steel bottle 
containing fifty gallons of compressed nitrous oxide (iJ), 
To the outlet pipe (a) of this bottle is fixed the silencer 
(A"), which checks all the Iiissing and spluttering of 
and from this a wide-cahbred mohair tube conducts the 
gas into the ordinary Cattlin's bag (C). Another tube 
is attached to this, which communicates with a chambei 
made in metal and opened or closed by a 
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witting either air or nitrous oside gas to eater. In 
this chamber {D) are placed morsels of fine hooey- 
combed sponge or teased-out m&dicated cottonwool. 




Fig. a.— Dr. Dadley Buitnn's ApparatuBfor([i7ing nitroua oiide 
{A) Tripod. (B| Steel br ttle cootnininif lic[neSBd nitrous oiide 
(C) India-robber bag. (Dl CliambDr oontainiojf eponfta, cotton 
wool, eio. (E) Face piece fitted with (f') cap eipication salve 
((?) Tubeforinfiatin? the sir cushion. (I| Hook atUchiag tube t< 
.idministratuf's button hole. [Ki Quieter. 
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These subatances can be moistened with lavender 
water, eau de Cologne, or with sal volittile, or liq. 
iLmmontsa dU. — if a stimulating action is needed. 
The ordinary Clover's face piece (EJ is attached by a 
bent metal tube, and provided with an expiration valve 
of peculiar construction (F). 

In cases when the breath or buccal exhalations are 
likely to be infective,* as, for example, in phthisis, syphi- 
Ub, quinsy, etc., the use of cotton -wool steeped in a ger- 
micide, such as terebone, is desirable. The cotton-wool 
is a perfect air filter, and so prevents all infection of the 
Cattlin'B bag and obviates any fear there might be of 
infecting the next patient. When the ordinary appara- 
tus is used grave fears of such infection must aiwaya 
arise. The use of a drop or two of eau de Cologne or 
lavender water sprinkled over the morsels of sponge ia 
most convenient. It gives a pleasant odour, which 
children especially appreciate, and will, if permitted to 
sniff at it before the gas is turned on, allow one to give 
the first dose of gas— always the initial step which is 
difBcult — and bo pave the way to ultimate success. lu 
eonditions of extreme weakness or the " feeling faint," 
which so often attacks ladies about to have a tooth out, 
sal volatile, eau de Cologne, or liq. ammon. dil. is of 
service. It need hardly be added that other aromatic 
substances or stimulating vapours may be employed in 
the same manner. The use of the silencer and the 
agreeable scent of the perfumed gas, as a rule, make 



* TbB danger nf infeotion hub pointed out aome time sgo by i oor- 
Bpnndent to tlio Journal 0/ the Brilish Dmtal Ai3onaUon,viiio 
oommended tbat a freaii Cacllin'e ba^ abould be used after each 
Be. Tbis aomewbat expensive preoanKao ia rendered nnneceMary 
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nerrons patients willing to inliale gas freely, and obvi- 
ate the distreBsiug noises in tlie head and horrible 
dreams which were often determined by the hissing of 
the gas, and wliich are always intensified in the hyper- 
EBsthetic stage of aniEsthesia. 

n. G-as in combination with ether. — In cases 
in which more time is required than nitrous oxide gives, 
the use of ether — ^but in conjunction with the gas^ — is to 
bs recommended. The apparatus which I have found 
most serviceable is what was called Clover's Gaa and 
Ether Inhaler, although since Mr. Clover's time many 
useful alterations have been made in its construction. 
The gaa supply is derived from a steel bottle (fig. S, B), 
fixed as before in a tripod, and the gas traverses an 
india-rubber tube (mi) to the inhaler (D). This is 
shewn in fig. 3. The apparatus is so arranged that 
gas can be given alone, or if ether also is needed, by 
turning a tap (k) the gaa passes directly into the re- 
ceiver (C) containing ether, and having traversed it and 
passed over the surface of the ether, escapes into the 
face piece (P) along a tube (w). The amount of admix- 
ture of gas and ether ia regulated by another tap (o). 
The whole apparatus is light, and ia suspended by a. 
hook (() from the administrator's buttonhole." 

The advantages of this apparatus are : — 

1. The absolute control the administrator posseases 
over the strength of vapour with which he is working ; 
thus he would commence tlie administration with pure 
gas, then permit some gas to play over the ether, and by 
degrees permit full ether vapour without eselting spasm 
or coughing. 

2. Its great simphcity and portability. It has been 

* The npparatuB is niaJe bj Mi'EsrB. Mnjer and MvUzer, nf Londoii. 
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2 foot, wliicli, placed upon tlie foot piece (/) rotates it 
from right to left to turn the gas on. and from left to 
rigbl. to turn it off. Some persons prefer to have the 
bottles placed horizontally, thas ohviating the neeeflsity 
I for the tripod. In this case the exit valve is so situated 
. that a foot piece placed on the long axis of the hottle 
regulates the supply. 

Vhen gas only is required it is always well to have 

I two hottlea yoked side hy side and connected by an 

[ ordinary junction, so that when one bottle becomes 

I empty, the valve of the second is opened and the supply 

if gas is not interrupted. 

When ether is to be given in succession to nitrous 

[ oxide the apparatus figured (p. 4i3) is used. The pati- 

I ent is rendered nneonacioua with gas, and as soon as 

I the quiet rhythm of respiration assures us that such is 

the ease the stop cock is turned into the long axis of 

I the bag, and the indicator, which is seen Jn the figure 

standing midway between the letter G and E on the 

Ldial plate (o), is slowly rotated from G where it stands 

I when gas only is being given. As this indicator passes 

f from G towards E, more and more ether vapour paases 

into the face piece, until when it stands at E no fresh 

( gas supply is permitted and the patient breathes pure 

I ether vapour. 

The india-rubber tube, the ends of which are figured 
[ g and m, is then detached at m, but the tap which 
I there placed is left open to permit air to enter the 
\ bag and dilute the ether vapour. 

To complete the description, we have only to mention 
[ that the cushioned face piece used by Clover and sup- 
L plied with a single expiratory valve is as convenient as 
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Should a snpplemeiital bag be used, tlie face piece 
must be provided with an aperture to which this accea- 
Bory can be adjusted. The stnp-cock in thie arrange- 
ment ia kept shut until the residual air of the lungs is 
presumably eshauste<l, when it is opened, the finger ia 
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placed upon the expiratory valve and the patient al- 
lowed to breathe backward and forward into the bag. 
When desirable, however, it is a simple matter to con- 
vert the Cattlin's bag itself into a supplemental bag, by 
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pkciiig a finger upon the expiratory valve, ami bo cans- 
isg tlie ptLtient to expire buck into the Cattliu as well 
as inspiring from it. 

Where & gasometer Is kept, a modifiuatlon of the 
above apparatus is in use. A loug tube screws oq to 
the efferent pipe of the gasometer, conveying the gas to 
of 2 or 3 gftlloas' capacity. This may he con- 
uected directly with a face piece or couveyod to it hy 
another length of tubing, and hy using a threo-way- 
cock it is easy to combine thiB apparutuu in gear with 
Clover's smaller ether inhaler. 

As face pieces are almost universally employed in tlie 
United Kingdom, it is scarcely worth while to describe 
ieces sometimes used in America. Briefly, 
we may say, tbey are flute-like iu shape and are taken 
between the teeth. The nose ia slightly pinched while 
the patient draws in the gas thi'ough the opeuiug iu 
the flute piece. 

The employment of supplemental bags (see fig. 4, C) 
has been advocated by Mr. Bralne. The hag fitm on 
' the face piece and is guarded by a tap. The patient, 
I having presumably emptied his lungs by a few very 
3p inspirations, is allowed to breathe to and fro into 
3 supplemental bag, the tap of which is turned to 
allow gas to enter. The gas supply and the expiratory 
valve are closed. It may be necessary to empty the 
i bag and refill from the reservoir. Those who employ 
I the supplemental bag claim for it that it is economical 
i and produces a shghtly more prolonged period of un- 
consciousness. The disadvantages are — it is liable to 
I produce headache, it takes longer to get the patient 
I well off, and it is, I believe, opposed to the knowledge 
r we now possesa of the physiological action of aitrous 



oxide gae, since il gives a mixed nareosis pardy as- 
phjxial and partly due to the gas inhaled. 

Another apparatus for the giving of nitrons oxide, 
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and one useful to persona who desire to keep a supply 
always ready in their rooms, i3 figured above. (Fig. 5)- 



The AoMiNisTBiTioN, 
Various adjuncts are used, suoh as gags, mouth open- 
ers, moutb props, the oral spoon, tongue forceps. 
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Qags. — Yanons forms are in use, the one made for 
me has special advantages from the facihtj it ofFerB for 
rapid removal and replacement. It cousiats in replac- 
ing the screw-fiuug arrangement by a ratchet aB Is seen 
m the figure. 

By putting the finger upon the free end of the ratchet 
and presHing it haekwards as one does a trigger, the 
ratchet is released and the gag closes. To open it, it 
is only necessary to press the handles together and the 
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t ratchet will automatically gear ami prevent closing of 
I the mouth. I find it safer to wire the tube pads on 
I to the ends of the gag; this prevents their castiug 
L tlie mouth, and is easily accomplished wheu 
I the pads are changed, as should frequently be done, 
r The ratchet arraugemeut can be used 'witli long or short 
I handles, personally I prefer the latter. 

The usual form of gag (Mason's) is figured p. 48. 

A very convenient gag has been devised hy my friend 
iKfr. Gowan, which comhines the advantages of a sure 
Itgag and a mouth opener in cases in which the teeth 
lore snfGoiently apart to allow Its insertiou. It acts hy 
ing the millhead from left to right, and fixes itself 
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employment is of courso indicated in cases of severe 
trismos, partial ankylosis, etc The blades may be 
I either in a gap cauaed by the previous ex- 




traction of a tooth, and if possible between the molars. 
If placed between incisors the risk is run of forcing 
these teeth out of their sockets. 

Dental props.— Many kinds are in use. Mr. 
Clover employed those made of hard wood, but, although 
very convenient and not Uable to slip, they are apt to 
get chopped and split. 

The cleanest and uiceat I know are those Sgnred 
V and made of vulcanite. I have them made in sis 

^^ 

Flo, 10.— Moutb Props. 

The mouth prop spoken highly of by Mr. A. S. 
I Underwood and figured below is also useful. (Fig. 11). 
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All loose props should be tied with fisbiug giit, and a 
long piece made to hang out of the mouth. 

Although spring and mechanical props are ohjection- 
iihle upon the general ground of their haWlity to get 
out of order or to break, yet some kinds are useful, and 
I subjoin illustrations of some of the best. 




A central prop, fixing upon the anterior teeth with a 
rotating arm, permits of operations upon one or other 
hide of the mouth according to the necessities of tie 
case. A very convenient form is figured below. 
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It pOBsesseB an easily working screw, which ] 
of very nice adjustment. The plates should rest upon 
more than one tooth in each jaw. 

Dr. Frederick Hewitt's prop is also useful. (Fig, 131. 

No mouth prop or cork should be placed iu the mouth 
without being first securely tied to a counterpoise which 
hangs out of the mouth, and preyenta the prop becom- 
ing wedged in the larynx or cesopbagus in the event 
of its slipping. The fow minutoH spent in carefully 




Flo. is: 
adjusting the prop between the teeth should not be 
grudged, as the after euccess of the operation depends 
largely upon the security obtained in this i 
It should be adopted ae a general rule, wheu j 
that the dental prop be placed not further forward than 
the bicuspids. 




The mouth spoou (fig. 14), made for me by Messrs. 
Ash, is safer than its archetype, the invention of Mr, 
T. S. Carter, iu that the shank of the spoou iu tbat in- 
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Btrument is liable to Beparate from the bowl, and tben a 
risk is run of the detached bowl getting impacted in the 
guUet or windpipe. By carryiag the sliank to the 
distal end of the bowl as in my pattern, this danger is 
obviated. The nee of the oral spoon is to catch any 
teeth or roots which may fall out of the forceps. Bi- 
cuBpidB are especially apt to Bpring out of the beaks. 
The spoon is held below the seat of operation, care 
being taken not to allow it to get in the way of the 
operator. 

The tongue forceps (fig. 15) figured below needs no 
special description. 

A tracheotomy case should always be at baud when 
an an [Esthetic is to be administered. 

We will now describe some special raancfiuvres which 
are resorted to iu the adnjinistration of nitrous oxide, 
when the mouth is open as is necessary in dental opera- 
tions. The prop should be carefully fixed in the oppo- 
site side of the mouth to that upon which the operation 
is to take place, and a glance cast round for artificial 
dentures, or an obturator, which if present must be 
removed. The patient is now to be reassured by a few 
cheering words, and directed to breathe freely. It is 
well to allow a nervous subject to take several very 
deep inspirations before applying the face piece, as 
these clear the lungs and divert the attention from a 
supposed horror of "taking gas." The Catthn bag is 
quietly filled by turning the toothed foot piece under 
the foot. The face piece is then lightly applied to the 
patient's face, and retained by just enough pressure to 
prevent the escape of gas or the entrance of air. In a 
second or two, the patient becomes accustomed to the 
face piece, and is then instructed to take a very deep 



to open the ingress of gas durmg iuapiratiou and close 
it during expiration. 

After tlie first fifteen or twenty seconds, that is, after 
the lungs are presumably filled with nitrous oxide, and 
when gas is gaining tension in the blood, elight duski- 
ness of the skin appears, the ears and finger tips darken, 
cousciousuess, however, being fully present for ten or 
fifteen seconds longer. In half a minute the patient's 
power of receiving impressions and reasoning upon them 
is greatly interfered with, and in a few seconds later all 
consciousness is lost. At this stage, incautious acts 
such as touching the conjunctiva, making loud noises, 
or roughly handling the patient may lead to liis com- 
pletely regaining consciousneBs. In from forty-five 
seconds to a minute after the application of the face 
piece, the pupils will usually dilate, the eyes becoming 
<lull and espressionlesB, while there may be strabismus. 
The conjunctival reflex will persist, and if the face piece 
be removed at this stage, the return to consciousness 
will be rapid. Tliere is, as a rule, time for the extrac- 
tion of one tooth, if fairly loose, hut not of more. 
When the inhalation is not chocked at this time, 
further signs of deeper antestfaesia appear. In aboat a 
minute and a quarter, the breathing grows stertorous, 
muscular movements of the hands and feet snpervene, 
and the conjunctival reflex is lost. The eyeballs begin 
to oscillate, and if the gas be still inhaled the breathing 
becomes slowed and even intermittent. Should it stop 
for more than fifteen seconds (Clover), air must at once 
be given. At this period of deep anesthesia there is 
great stress imposed upon the heart, so that the pulse 
should he watched, and if it flag all further administra- 
tion should cease. The patient is now ready for opera- 
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tion, and it is not wise to attempt to push nitrous oxide 
beyond tliia point. 

Further iubalation of gas and air intermittently by 
means of a tube passed through the nose and down the 
naso-pharynx has been suggested as enabUng the antes- 
thetist to maintain nn consciousness for operations about 
the mouth ; but it is a method hardly to be commended, 
and one which presents few if any advantages over that 
of prolonged anssthesia with ether impregnating 
nitrous oxide, as above described. 

Patients vary in the time they require to become 
anaasthetised by nitrous oxide, and even the same in- 
dividual will difler at various times, being influenced by 
1 health, nervousness, or eshaustion from pain. 

The Committee appointed by the Odontologicul Society 
of Great Britain found tlie following averages to oh- 
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As a general rule, stertor" or slight jactitation are 
signs that the patient is ready for operation. In giving 
nitrous oxide to children, the face piece should be re- 
st be carefnlly diacriminated from "snor- 
icfc iieodulciua uvula or pnlarited loaaila or 
ds Btart anoring a few gecoHda sfter Ui« commenee. 
a, persoQS iilso witli loose bagRj chaeks make a ster- 
iind, but tbeae conditioiid Ghould be ignored. Tbs true 
ueed by vibratiou nf the arytieno-epiglotlidean folds only 
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moved witb tbe very first sign of jactitation, otiierwise 
their umall bodies become so convulsed that it is difE- 
ciilt to keep them still for operation, and valuable time 
is lost in tbe attempt to place them in a. convenient 
position. It is important to be able to recogniae the 
tokens of returning consciousness, so as to know when 
to desist from furtlier operative measureB, and this can 
usually be done with certainty. In tbe first place, tbe 
normal colour of the face returns, the lips change from 
their asben hue to a natural crimson. Tbe patient 
commonly moves a limb or utters a cry, though not one 
which impbes consciousness; restless movements of tlie 
body often occur. Tbe time wbieb elapses between 
removal of tbe face piece and tbe period of recovery to 
conscioueness, varies Bomewbat ; it may be as abort as 
thirty seconds or less ; while, on tbe other hand, it may 
be prolonged to over a minute. 



After Effects 
Are as a rule conspicuous by their absence ; hysterical 
women may laugh and cry and work themselves up to 
a pitch of escitement, which sympathetic friends attri- 
bute to " tbe gas " ; persons exhausted by fasting and 
vigil or disease may become faint ; epileptics occasion- 
ally have a fit during the exhibition of tbe gas or im- 
mediately afterwards. Vomiting is rare after nitrons 
oxide gas, although such a complication may occur with 
children, or if tbe aniestbetic be given immediately after 
H meal. Pareira states that in one case loss of taste 
followed it, and I have met with one in which anosmia 
was complained of for some days subsequently to the 
extraction of a tooth nmder gas. Among a few persona 
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of peculiar orgnniBation, certaia nervous eymptoma 
have beeo known to follow, as, for instance, Bevere 
lieadacbe and general malaise. Such symptomB, how- 
ever, are rare after a single administration, but are lesa 
infrequent when the gas is repeated twice at one sitting, 
BO that it is distinctly inadvisable to repeat the dose im- 
mediately. 



I 



Dakoers Attending Nitroub Osidk AdsonI! 

Syncope. —Among the graver compUeationa may 
be noted syncope. While syncope seldom occurs dur- 
ing nitrous oxide narcosis, it is undoubtedly a possible 
danger, especially among the neurotic and the feeble. 
It may occur before complete unconsciousness, and ia 
then probably due in part to subjective sensations, such 
as dread of the impending operation, terror of the anffis- 
thetic, or fear of suffocation. There are reported casee 
where syncope has only been observed after removal 
of the face piece, while in others, all has apparently 
gone well until the operation had commenced, when 
the condition of the patient suddenly became alarming. 
"Whether death from syncope due wholly and solely to 
nitrous oxide has ever taien place ia doubtful. In the 
few fataUties which have attended its use and been re- 
ported, incomplete anteethesia has played an important 
part, while Iright and shock have undoubtedly gone far 
in bringing about the untoward event. 

Faintn ess.— Lees severe forms of heart failure, 
however, such as faintnesa, do sometimes supervene, 
and should be met by placing the patient prone on the 
grotmd, chafing the hands, applying smelling salts, or 
aromatic vinegar to the nostrils, and slapping the face 



and cLest with towels wrung out in very cold water. 
All garments about the waist, chest aud neck should he 
loosened if this has not heen done, as it should have 
been, before the gae was administered. The inhala- 
tion of a few whiffs of nitrite of amyl will, by emptying 
the blood into the dilated arterioles, reheve the heart. 
It is sometimes advised to iujeot ether iinder the skin, 
but the utility of this is doubtful, nor is it likely to be 
called for in the class of cases above mentioned. 

A measure which I have practically tested and have 
reason to estimate very highly is total inversion of the 
patient. In the moveable dental chairs so commonly 
used this can be done eveu in the case of ladies without 
indelicacy or difficulty. 

Respiratory difflculties. — Breathing in Bome 
cases becotnea very shallow and may stop altogether, 
but this need not cause alarm unless indeed it should 
cease for longer than five or sis seconds. Then it is 
ivell to press up the ribs from below by standing m 
front of the patient, and grasping the chest with both 
hands placed about the lower half of the bony thorax. 
This simple manceuvre will initiate spontaneous respira- 
tions, and all will go well. 

Asphyxia caused by foreign bodies.—Among 
during nitrous oxide narcosis, must 
be mentioned those which arise rather from surgical 
interference than from the agent employed. Thus, 
when a prop is placed between the teeth, it should 
be guarded from shpping back into the wind-pipe 
by being tied to another hanging freely outside the 
month, and tlie props used should he made of some 
material not liable to crack or break off. The mouth 
should be cleared of artificial dentures, especially small 
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Accidents Lave arisen from teeth or portions 
of teeth being allowed to fall from the beaks of forceps 
back over the glottis, a deep inspiration then drawinfj 
the tooth into the trachea. The tooth forceps have in 
recorded cases broken, and a fragment become lodged 
in the trachea. 

The dangers of these casualties are : (1) immediate ; 
from, asphyxia due to laryngeal spasm excited by the 
■ foreign body becoming entangled in the larynx; and {2) 
secondary; from the working down of the foreign body 
into the bifurcation of the trachea and there setting up 
pulmonary trouble. 

To deal vAth smc/i eaies. — Firstly, as to precautions. 
All instruments used for the mouth should be carefully 
examined for flaws, and all gags, props, &o., be secured 
by fishing gut or some strong cleanly material and at- 
tached outside the mouth. 

In extracting teeth the forceps should after each ex. 
traction be wiped quickly twice across a napkin, in order 
to free them from the tooth just removed before at- 
tacking another. Fragments of teeth should never he 
left loose in the mouth, even with the object of gaining 
time ; each should he removed before proceeding any 
further. 

Some operators employ a plated lattice mouth-spoon 
(see fig. 14) BO held as to catch whole or broken por- 
tions of teeth. Should there be any fragments detached 
from the tooth or forceps, etc., which cannot be seen and 
picked out, the anaesthetist may at once bend the head 
forwards and sweep the finger round the mouth so as 
to carry any foreign body forwards, when it can he 
seized and removed ; in this way it may sometimes be 
poBsible to dislodge a foreign body situate at the epi- 
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glottis, It sliotild be remembered tliat tlie tougiie must 
not be (IrawE forwards, as by bo doing the larynx will be 
left exposed, tlie epiglottis being drugged from it, also 
because the patient is thereby induced to talie a deep 
inspiration which may cause the foreign body to enter 
the air- passage. 

If the obstruction cannot be felt, and there are signs 
ofimpendbg asphyxia, inversion should be attempted, 
and the patient instructed to expire very deeply, cough- 
ing with the act, while he inspires as shallowly as be is 
able. This maaceuvre has succeeded in dislodging a 
tooth which had passed into the trachea. 

At the same time it must be remembered that iover- 
siou may cause the foreign body to lodge in the larynx 
and so excite spasm. Failing these measures, if the 
patient be dyspnosic and death by asphyxia seems im- 
minent, the trachea must be opened by the crieo- 
tracheotomy operation (we Chap. X.'l. 

Is nitrous oxide dangerous to any particular 
class of persons ? 

It sometimes happens that the aniesthetist is con- 
sulted as to the safety and expediency of giving nitrous 
oxide to pregnant women, women during lactation, 
or at the menstrual period ; persons whose vitality is 
greatly lowered by age or disease ; the subjects of grave 
heart or lung disease. 

Pregnant ^romen, provided they be not witliin a 
very short period of their accouchement, are not preju- 
dicially affected by laughing gas. The shock o£ a 
surgical operation, the extraction of a tooth or what 
not, is quite as likely to provoke premature dehvery as 
giving the gas. The child also appears to be quite 
unaffected, as one would expect, since its oxygen ten- 
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eion is habitually low, and further because the elimina- 
tion of nitroue oside from the blood is very rapid. At 
same time, esjiecial care should be given in admin- 
istering nitrous oxide in these eases, as the nervous 
system is peculiarly liable in these persona to receive 
strong impressions and is easily thrown off its balance. 
Hysterical emotional outbursts it they occur will cer. 
tainly be attributed to the inhalation, so that unless 
imperatively called for, operative measures should be 
deferred untU after parturition. In the early months 
of pregnancy vomiting may be excited by nitrous oxide. 

Lactation is not in the majority of cases piejudici- 
ally affected by nitrous oxide pas. During men- 
struation -n'omeu may safely take this anesthetic, 
with this reservation that since their nervous system is 
at this time less stable than ordinary, these patients 
will be a little more likely to be "upset," hysterical, 
and so on. It is noticed elsewhere that erotic hallu- 
cinations under gas are more prone to occur at the 
" monthly period " than at other times. 

Age, as such, offers no reason for declining to ad- 
minister nitrous oxide, patients over ninety having 
taken it successfully. When great vascular feeble- 
ness exists, there is more risk, as the greater tax im- 
posed upon the heart by checking oxidation in the 
lungs, and so impoverishing the tissues, may provoke 
syncope. However, with due care and watchfulness 
even the very feeblest can take nitrous oxide with 
impunity. In practice I have found it wise to admin- 
ister a little ether in conjunction with the gas when 
great circulatory enfeeblement is present. 

In extensive lung disease, especially in phthisis, 
when hsmonhage baa been known to have occuiTed, 
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nitrous oxide mast be given with oaution, as tliera is 
danger of exciting fresli bleeding from the lunga. Ac- 
cording to Mr. Braine, narcosia deepens in pbthisical 
patients after the withdrawal of the face piece, and bo 
spocial caro is needed in the maoagemeut of euch cases. 
It is probable that this is really due to enfeebled expi- 
ration preventing the usual ebjnination of the nitrous 
oxide. 

Heart disease, save in so far as tliat the tendency 
to syncope is considerably increased, is no coutra-indi- 
cation for giving the gas. In all eases, it is necessary 
to weigh in one's mind which will be most likely to 
jeopardise the patient's welfare — the performance of an 
operation without an anieatbetic, or tlie giving of the 
anesthetic. Broadly it may be stated that if the pati- 
ent can bear up against the operation, he will certainly 
survive the aniesthetic. (Snow). Valvular diseases, 
unless marked want of compensation is present, are 
not contra -indicatory to nitrous oxide inhalation. 
When the heart is greatly dilated and the hypertrophy 
has failed to overcome the obstructed circulatiou, or 
when marked muscular degeneration of the heart fibres 
has taken place, there is necessity for caution, and of 
such patients the most anxious oare should be taken. 

Iiaiyngea-l spasm is said to occur in rare instances 
during the administration of nitrous oxide gas even 
when the gas is pure and given with skill." 

• Aa inatruotiTO case U pubUahed by Dr. F. Hamitt. A patient let. 35 
suffered from fiiatiou of Ihe bodies of the verteb™ wbioh precluried 
all save very sUglit rotatory aod nutatory motBmBnls. The netk 
moades were unduly rigid aud the jaws could be opened only to a 
fporth of the normal eitent. The filiation »aB the result of rheu- 
matio fever. The gaa waa taken well and llie tooth eitraeted. It 
was tbea remarked that the aaaal recovery did not oocnr, the reapira- 
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Several deaths have been imputed to the use of tliis 
ngent, bat it is doubtful whether any of the cases 
recorded were directly due to the physiological actiou 
of this substance. In some instances insufficient nar- 
cosis was maintained, and as a result the patient Jelt 
the pain, and syncope ensued. In others, either the 
entire gag or a portion of it slipped, and found its way 
into the patient's larynx, there to excite spasm and suf- 
focation. In one instance, a person apparently whilst 
intoxicated, kept the face piece applied and fixed it so 
that he became asphyxiated. 



Paul Bert's Method of Admin istreins Niraons Oxide. 

Paul Bert, in the course of various experiments under- 
taken to ascertain the most safe and advantageous 
method of estabhshing anfflsthesia by nitrons oxide, 
found that by administering it in conjunction with 
oxygen under pressure, he could prolong the adminis- 
tration practically for an indefinite period, while no 
injury to the subject resulted. Without referring in 
detail to Bert's experiments, which are out of place in 

a and mori! embaiFHSeed " as thauRh some oh- 
□f the air paanigHS " eiisMd. " The 
by the loat ettempt at reBpirstion was to a certain eiLent aQfiKestivi 
of Stiid at tbe back of th? throat." Gea^ral Btation of the thoraoii 
walla and rigidity of the jawe and moacles of the neck rendered thi 
■eg usually ndopted, audi ai artificial reepiration, awobbinj 
ODt the pharyni, &c.,iinpnBaible ; and as inireraion (ailed 
the ps.tieDl*s respitalion. Or. Hewitt performed Isryngotom; whiob 
eved the apsani and the patient did well. 




jt^nfiUoal manual, it may be well to epitomise bis 
ing aad give liia results. 

Nitrous oxide, wlieu dilutud to a certain point with 
ftir ot oiygeu, is incapable of producing satisfactory 
aiitestliesia. When, however, it is given pure, tlie 
jtnlieut's .tissues become de-o\idised from want of fresli 
iiiootne of osygen. Furtlier, nitrous oxide does not 
produce anresthesia by dint of ita replacing osygen, 
nor is it rendered inoperative in the presence of oxygen, 
provided its tension in the blood be sufficiently high. 
It therefore appeared probable that, were nitrous oxide 
to be administered under a pressure of two atmospheres 
(thfit is, BO that fifty per cent, only of the atmosphere 
BO inhaled was nitrous oxide, and the other fifty per 
cent, air, the nitrous oxide tension in the blood being 
then equal to one atmosphere, and at the aame time 
Bufficieut oxygen entered the blood to maintain the due 
oxidation of the tissues), anmathesia would result with- 
out any asphyxia. An apparatus was accordingly made 
by Dr. Fontaine (fig. 16) which enabled the patient to be 
kept under an atmospheric pressure equal to 26 inches 
mercury, and this was successfully worked. Under 
this pressure nitrous oxide and oxygen being given in 
the proportion of 5 to 1, the tension of nitrous oxide 
was equivalent to one atmosphere.*" Several opera- 
tions lasting from five minutes to half an hour were 
suooessfuUy performed under antesthesia produced by 
Bert's method. 

Beoently Dr. P. Hewitt has revived Paul Bert's idea of 

• For an eicellent account of Paal Bert'a mothod see tie admir- 
aUe work of U. Rottanstein, AnetMsie Vhirurgicale. M. Eottcn- 
itein aSBurea me that evea ia France tbia method is uuw but littla 
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blending nitroua oxide with oxygen, and haa made 
some very careful experimeuts. Filling a gasometer 
■with these gases in the proportion of 14-5 per cent, 
oxygen he allows the patient to inhale strongly for 
Beveral minutes, and when he judges that autesthe- 
sia is complete the operation is commencci]. The 
advantages claimed for this mistiiro are that no jacti- 
tation, lividity, or respiratory difficulty occurs. The 
disadvantages appear to be the uncertainty of its ac- 
tion, the length of time the patient takes to become 
aniesthetised (about three times as long as gas), and the 
difBculty of ascertaining when consciousness has ceased. 
Dr. Hewitt gives the following indications : — " The ex- 
tremities are relaxed, the eyelids can be raised with the 
finger without inducing spasm, the eyeballs are vacantly 
fixed or present slight movements of oscillation, the 
patient does not open hia eyes when requested to do so, 
and the respiration is extremely calm." Sometimes 
slight rigidity replaces relaxation ; corneal reflex is 
retained ; no change of colour takes place. From 
twelve gallons of the mixtnre are required for ehcb 
case. An apparatus has been constructed for Dr. 
Hewitt by Mesera. Earth, which is fairly portable, 
and is said to answer its purpose very well. 




Ethee or Ethyl Ether CjU'O, more accurately known 
as oxide of ethyl, was discovered in 1540 by Valerius 
Cordiua, and called by him oleum vttrioli dulce. In 
1730, Frobenius changed this name for tlie one it now 
commonly bears. 

ind Physkal Properties. — It ia a clear, trans- 
lucent highly volatile liquid, of e, penetrating odour and 
a, burning taste which ia followed by a sensation of 
cold and numbness. It has a specific gravity of -723 
(at Bi-a" F.) and boils at 35' C. (95° P.) ; when pure it 
does not redden litmus. It crystallises in fine white 
Ether does not mis with, but is slightly 
soluble in water, freely uniting with alcohol and chloro- 
form. Apphed to the skin, it gives a eensation of in- 
tense cold caused by the extreme rapidity of its 
evaporation. 

Ether is highly inflammable ; its vapour when mixed 
with air is hable to explode if brought in contact with 
flame ; it is hence important to avoid the proximity of 
lighted gas jets, candles, &o., and to refrain from pour- 
ing ether out of one receptacle into another in such sur- 
roundings. The substance is prepared by acting upon 
strong alcohol with sulphuric acid and heatiug the mix- 
ture to 140"-150° C. (280*'-800° F.). This compound 
undergoes double decomposition, ethyl sulphuric acid 
and water being first liberated, the ethyl sulphuric acid 
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^H afterwards combining with a molecule of alcohol to form 
^^1 ethyl ether and Bulphuric acid, tliu!^ : — 
^H C,HsO + HSO. = HO + HSO, 

^M H H H C,H, 

^1 HSOj +Cs,H.O = HSO, + C,Hr,0 

^M CjHs H H C^H, 

^K and the Bolphuric acid ia ready to attack another mole- 
^H cule of alcohol. This, the BO-cnlled continuous etber- 
^H isation process, is practically interminable, provided a 
^H fresh supply of alcohol be maintained. The ether so 
^H prepared is passed over fused chloride of catcitim, which 
^H removeH the water and alcohol and is then rectified. 
^H Ether, if kept in bot places and in an imperfectly 

^f otoppered bottle, is liable to undergo osidation, acetic 
acid and other products form, and the reagent is thus 
rendered unfit for use. Ether, if pure, forms a clear 
mixture with oil of copaiba, but if it contains water or 

Iftlcobol an emulsion will result. 
The impurities to which etber is subject are : — 
1. Water, detected by adding tannin, for when water 
is present tlie mixture becomes syrupy, while if absent 
the powdered tannin remains unchauged. 
2. Alcohol, it present, gives a red stain with crystals 
of fuobsine ; it also increases the specific gravity. 
S. Acids, sulphuric and sulpJiuroua, detected by the 
precipitate they give with barium chloride ; acetic acid 
■which produces a deep-red colour upon the addition of 
an iron salt. 
4. Fusel oil, may be detected by its leaving a greasy 
stain on paper. 

General propmties and )«es.— Ether is an eshilarant 
and finally a narcotic ; it is the safest known agent for 
the production of prolonged narcosis. It ia employed 
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alike for its power of producing local anffisthesin,, whicli 
it does by provoking such a rapid abstraction of beat as 
to numb the cutaneous endings of the sensory nerves, 
and also on account of its capacity for inducing com- 
plete insensibility to pain {general ancesthesia) through 
its action upon the cerebro- spinal centres. 

Ether for general purposes is the best and safest 
antesthetic ; it is superior to nitrous oxide, because it 
may be inhaled for hours without endangering life ; it 
is less dangerous than chloroform because its undiluted 
vapour is practically safe, whereas chloroform, unless 
kept below four per cent, of the air breathed, seriously 
imperils life. 

There are, however, oases in which ether should not 



In protracted operations about the mouth, jaws, 
nose or pharynx, which necessitate the mouth and nose 
being uncovered. Since consciousness rapidly returns 
when the supply of ether is discontinued, there is not 
time for prolonged surgical procedure. 

Ail operations which require the employment of the 
actual cautery, or lighted candles, lamps, &c., near the 
mouth, ether being highly inflammable and, when 
mixed with air, detonating, so that the incautious 
bringing of the apparatus near a hght may lead to 
grave consequences. 

There are. also, certain conditions in which the ad- 
visftbihty of using ether ought to be carefully weighed. 

Persons who are suffering from bronchitis, the em- 
physematoHB (if the condition be very pronounced), and 
as a rule asthmatics, bear ether badly, since it excites 
cough and may clog the bronchial tubes with a quantity 
of excessive secretion. 
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In renal disease, wlien extensive, ether is said to 
induce suppression of urine, so that if given at all io 
these cases it should be with the utmost caution. 

The vascular excitement to which ether gives rise 
contra- indicates its use for persons whose arteries are 
presumably brittle, or in wliom circulatory perturbation 
is likely to be harmful. It is obvious that when cere- 
bral hffimorrhage from rupture of an artery has once 
occurred, ether might, by increasing arterial tension, 
induce a repetition of so dangerous an accident. 

In infanta and very young children etber may some- 
times produce pulmonary trouble from its irritating 
effects upon the dehcate mucous membrane of the 
respiratory tract. 

Although, in selecting an ancesthetic, it is well to 
carefully consider these objections, yet, I think few of 
them are of great weight except perhaps in very marked 
cases of disease. 

In tropical climates it is botli difficult to obtain and 
to keep ether, and also to administer it satisfactorily. 

As ether often provokes rapid breathing and not in- 
frequently coughing, it should not be used when these 
are prejudicial to the patient, or to the success of the 
operation. 

In operating upon the brain vfhen turgescence and 
relaxation of the blood-vessels is undesirable, ether 
should noli be used, and according to Wood it is contra- 
indicated in the presence of brain tumours. 



Physiological Action op Ethek. 
According to Hermann it destroys the red corpuscles. 
Ether when first inhaled induces a burning sensa- 




tiou in the mouth and pliaryns and a feeling of impend- 
ing suffocation. It appears to act in two ways ; indirectly 
through the nerve centree as a powerful deliriaut i 
aniBsthetic, and directly upon the endings of the u 
supplying the pharynx and respiratory tract. Thus, it 
increases the flow of saliva, and causes considerable 
discharge of watery secretion from the bronchial mucous 
membrane. Its extreme volatility makes it exert a 
marked cooling action upon skin or mucous membranes 
'when allowed to come into contact with them; and 
further, the vapour, if injudiciously employed, may ex- 
cite a hiijhly prejudicial chilling eflect upon the bron- 
chial lining membrane, resulting in catarrh or even 
bronchitis. Ether is absorbed both by the mucous 
membrane of the respiratory tract and that of other 
mucous surfaces, t.g , the rectum. When ether vapour 
enters tlie rectum, the vapour is perceptible in the 
breath after a few minutes. 

In the rhythm of respiratUm, ether brings about 
marked changes. If the full strength of ether vapour 
be allowed to impinge upon the glottis, the adductor 
muscles are thrown into spasm, and the rima becomes 
temporarily closed. Indeed ether has been shown by 
Horuley and Semon to exert a marked local action upon 
the laryngeal muscles. These observers have proved 
that this differs according to tlie degree of anajsthesia 
induced. Shght ether narcosis causes adduction, while 
deep etherisation produces abduction of the vocal cords, 
and these results obtain with strong or weak currents 
and whether the recurrent laryngeal nerve is divided 
or left intact. 

At first the respirations are hurried and deep, subse- 
quently they become slower and more shallow, and 
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would eventually, were etber pushed to such a dan- 
gerous extent, altogether ceaee. Tliis slowing and final 
cessation appear to be due to ultimate poisoning of the 
respiratory centre in the medulla. 

The heart's action ia at first excited and increased in 
force; later this subsides, the heart quiets down, or 
even growe somewhat weaker, though euch weakeuing 
is alwaya trifling. The blo^d pressure is increased 
until very deep narcosis is present, when a slight lall 
of pressure occurs, A peripheral vascular dilatation 
reveals itself in flushing and rubescence of the ekin, 
together with sweating and a roseolons rash. Accord- 
ing to Sansom, iu the earlier stage of etherisation, 
capillary constriction takes place. Under ether the 
muncles at first become rigid and firmly extended, but 
later these conditions give place to extreme fiaccidity ; 
in some persons the muselea maintain their rigidity 
much longer than in others, while there is a difference 
in the time which muscles in various regions take to 
relas. Ringer, experimenting on muscle, found, that 
in frogs, the vitahty of involuntary muscle persisted far 
longer in tlie case of ether than in that of chloroform. 
Peristalsis although lessened is not abrogated, even 
when death is uiduoed by ether. 

The nenmui system during etherisation becomes pro- 
foundly affected. The cerebrum first succumbs. Ex- 
citement and hahucinations appear, the patient 
beheving that he is engaged in mortal combat, or iu 
some habitual pursuit. He may struggle and cry out ; 
soon hia speech becomes thick and inarticulate, his 
struggles cease and his mind no longer controls his 
movements. The ^imiwnj nerves of the spinal cord then 
fail to convey impressions from without, although 
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Btimiilation of tlie motor nerves induces movementB. 
Later, tlie motur nen'es also cease to respond, save to 
powerful electrical excitation (Longet). The medulla 
becomes next affected ; at first sensory impressions fail 
to reach it, finally ita motor centres become paralysed, 
respiration is arrested, and the heart ceases to beat. 
It appears tliat these results are due to the direct 
action of ether, conveyed by the blood to the nervous 
centres, since tbey occur after section of the pneumo- 
gastric nerves, or when the antesthetic is injeoteil directly 
into the veins. Hence it would seem that ether 
directly affeoting the centres acts first as a stimulant 
and later as a depressant. When artificial respiration 
is maintained, the heart will continue to beat for a pro- 
longed period, and this even in spite of very largo 
quantities of ether. The bodily temperature is reduced 
under ether ; Kappeler fixes a minimum at '3° C, and 
a maximum at lo° C. ('5°— 27° F.l. It increases the 
secretions with perhaps tl;e exception of that of the 
kidneys. Elimination takes place rapidly and is 
mainly effected by the lungs. 



Methods of AoMiNiarRdTiso Ether. 

Ether may he given alone or in combination with 
nitrous oxide gas, the latter method possessing the 
following advantages : — The patient is spared the 
disagreeable smell and taste of ether ', he becomes 
narcotised more rapidly and without struggling or 
excitement. 

The main indications for the successful administra- 
tion of this anesthetic are :— that the air inhaled be 
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saturated with ether vapour, uusaturated air heiiig 
excluded ; that the vapour shall not escape iuto the 
room and impregnate the air breathed by the operators 
and bystanders ; that during the first few respii'ationB 
the patient shall inhale a vapour so dilute ua not to 
irritate his laryns. Ether cannot be given advantage- 
ously from a folded towel. 

Inhalers.— Of these several have been devised. 
They may be classed under two types, those following 
the plan of Mr. Clover, and those which are modifica- 
tions of the cone. 

Cloves'b Portable Ethbe Inhaler (Fig. 17) con- 
sists, as reference to the figure indicates, of a dome- 
shaped ether receptacle (a) pierced by a central shaft 
(b) into which arc adapted (i.) a tube bent at right 
angles {c), which carries the india-rubber bag (d), into 
this the patient breathes, and (ii.) a metal tube (e) which 
serves for the attachment of the face-piece If J. Moving 
with the face- piece f/^ is a metal indicator (y) which 
as the ether receiver (a) rotates on ffj indicates the 
amount of ether admitted ; (/i) is a tube and stop-cock 
for inflating the air cushion which rims the lace-piece 
and helps it to fit the face accurately. 

The face-piece ffj is edged with an air cushion 
inflated through (li). The ether vessel and water 
chamber (u) which surrounds it and maintains it at 
the desired temperature for evaporation, rotate upon 
the mount of the face-piece ffJ. When the iuetrument 
is first applied, the arm (i) should be opposite the 
patient's forehead, and the indicator (;;) which travels 
round the lower end of the water chamber pointing to 
the figure 0. He now breathes directly in and out of 
the bag. The bag {d) should not be placed in posi- 
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tion until tlie patient has taken two or three inspir- 
ations, it must then he inflated by blowing air into 
it and be fitted to the upper end of the water chamber 
ae shown in the figure. As the ether vessel is turned 
round the indicator travelling from to 1, 2, 3, and F 
successively, the air baa to traverse the ether veasel 
before reaching the hag, and so the patient gets gradu- 
ally a more and more highly saturated ether atmo- 
sphere. Two ounces of ether are poured into the 
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projecting arm {I) before the operation, and these 
usually suffice for the case. The opening is bo ar- 
ranged as to prevent an excessive quantity being used 
and to guard against the possibility of a few drops 
escaping through the inner openings. The ether 
and surrounding water chamber are so arranged, 
that although the vapour freely escapes, no fluid over- 
whatever position the inhaler may be held. 
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The following is the method of usuig this inhaler. 
A face-piece of an appropriate size having been se- 
lected, and two oiincea of ether placed in the receiver, 
the aii-bag ia removed and the indicator turned to 0. 
The patient is then directed to inspire deeply, and the 
face-piece apphed gently but firmly. Uniform pressure 
is well borne, while hard pressure if unequally distri- 
buted will not he tolerated. When the patient haa 
taken two or three deep breaths, the air-bag is filled b; 
ilie administrator blowing in air, taking care not 
simply to bteatli into it, and is slipped into its place, 
BO that the patient now breathes in and out of the bag. 
The etlier chamber is now moved so that the indicator 
points to the figure 1 and the patient then breathes 
one-fourth ether and three-fourths air. A few breathe 
of such a dilution of ether will accustom the laryni to 
the irritating vapour, and so obviate coughing, spasm, 
and the wretched feeling of suffocation which ensues 
upon presentiug a strong ether atmosphere at the com- 
mencement of an inhalation. This tolerance achieved, 
the ether chamber is rotated, tilt the indicator points 
to 2, and the patient then inhales half ether and 
half air. If this strength of vapour does not distress 
him, the indicator, by further rotation of the ether 
chamber, can, after a few seconds, he made to point to 
8 (one-fourth part air, tliree parts ether) and then to F 
(all ether). The patient will in from ninety seconds to 
two minutes and a half, be completely unconscious and 
ready for operation. Some persons require more ether 
to put them off, and those who persistently resist tak- 
ing the anffisthetic by holding their breath or by tak- 
ing the shallowest breaths consistent with life, will delay 
the onset of unconBciousnesa much longer. These 
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persons also, since tbey voluntarily seini- asphyxiate 
tliemselves by repressing respiratory movements, suffer 
great additional discomfort from the feeling of suffoca- 
tiou tliey induce. 

As soon as complete anteathesia is thorouglily estab- 
lished, tlie indicator may be brought back to 2 by 
turuiug tlie ether chamber round and there kept until 
the operation ia over. It may be necessary iu warm 
■weather, and in the case of prolonged operationa to 
renew ether in the receiver. This ia easily done by 
removing the inhaler from the patient's face, loosening 
the cork, and pouring in a fiirtber supply. 

The patient will, during a prolonged operation, 
reijnire the inhaler to be taken off his face every sixth 
breath or so, in order that lie may take a few inspirations 
of air. The necessity for this will be readily recognised 
by any cyanosia apparent in the face or ears, and by 
the character of tbe respirations and the pulse. It 
should be carefully borne in mind, that the amount of 
an aniestbetic required to produce narcosis ia much 
greater than is needed to maintain that condition. 
Also tbe degree of narcosis must be varied, in corre- 
spondence with the region of tbe body upon which 
operative measures are being pursued. When it be- 
comes necessary to antesthetise tbe patient in the prone 
or semiprone posture, a useful addition to tbe Clover's 
smaller ether inhaler is tbe angular adjuster figured 
below. This useful contrivance is the invention of the 
late Dr. Charles Bbeppard (see fig. 18). 

This inhaler was intended by Mr. Clover for the 
administration of ether alone, but several persons have 
adapted it for the exhibition of that vapour iu conjunc- 
tion with nitrous oxide gas, and Mr. Clover writing in 




years at University College Hospital, is to introduce a 
three-way valve with stop-cock between the face-piece 
and its rotatory mount. In this apparatus the third 
way is connected with the supply tube of gas. 

Dr. Frederic Hewitt has introduced a convenient 
form of apparatus for giving gas and etlier wiiich ia 
figured belov. 
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In this apparatus the inspiratory and expiratory 
valves are placed, not in the face-piece, but iu a little 
chamber near it. Below this valve chamber ia a two- 
way Btop-cock. The valves mav be thrown into or out 
of action bj the tap T (Fig. 19). When T is turned aa 
in the figure, the valves act and all espiratione 
(whether of air or gas as determined by the stop-cock 
below) escape. When T is turned in an opposite 
direction, to and fro, breathing (of gas or air as the 




I 



Fig. 19.— Face-piece, stop-oook, and gaa bag for Ihe mlminiBtraticm of 
nitroua oiide gaa only. (Dr. Hewitt'a apparataa), 

case may be) resnlts. To use the apparatus, first 
allow the patient to breathe air (in the direction of tlie 
dotted arrow) and see that the valves act freely. Then 
turn on nitrous oxide by moving round the handle H. 
Should nitrous oside unexpectedly fall short the valve- 
action may be stopped by turning T and tlie patient 
would then breathe gas into and out of the bag till 
antesthesia occurs. 

The apparatus is so made that a very free draught 
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tlii'ongli it is permitted, tLe valves, whif-li nre of tliin 
india-rubber, actiug very oasjly and thus giving no 
fieuse of difiicalty in breathing. Wiion nitrous oxide 
followed by etber is required, the stop-cock, ic, can be 
fixed to a Clover's portable apparatus ae shown in 
Fill. 20°. 
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Clover's larger inhaler ia figured and described on 
Fig S, p. 42. It is used mainly, if not txdusively, for 
giving nitrous oxide and etber in combiuation. The 
method of using it witliout nitrous oxide is simple. 
The air bag is fully inflated by the administrator, who 
then moves the indicator off the diul plate and turns the 

■ For this description I Bra inJehUa to Dr. Fri'i], 
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ether tap (k). The mdicator is next tnrned to G when 
air only will be taken. As soon as tlie indicator passes 
towards E, ether begins to be received ; the eame prin- 
ciples and cautions guide the further proceedings with 
thia, as were employed for the other inhaler. 

Thk Cone. — This is a contrivance largely used in 




Fia. 31.— Dr. Ormabj'a ether Inhiler. 

America. The ether is poured into a. cone, upon a. 
sponge, and renewed from time to time by inverting it 
and pouring in a freah eapply. 

Oemsby's Inhaler. — It consists (see Pig, 21) of a 
leather face-piece with cushioned rim, provided with 
ft valve, which cfiu be opened at the pleasure of the 
administrator ; at the top of the face-piece is a cone- 
shaped wke cage, covered externally with leather, and 
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leading into & soft leather bag coveted b; a loose net 
wliicb prevents its undue expansion. In the wire cage, 
a sponge is placed, and upon this an ounce of ether is 
poured. The apparatus is applied to the patient's face 
and he strives to take a full breath. Even when the 
valve is kept widely open the sense of suffocation is so 
great (the rush of ether vapour producing more or less 
spasm), that the patient struggles fiercely to escape 
what appears hke impending asphyxia. 

Sbould it be neoeanary to add fresh anieathetic dur- 
ing the operation, it is done by pouring etlier down a 
tube wliich enters the centre of the sponge. 

Ormsby's inhaler is open to several objecfions , * q , 
it produces great discomfort by allowing undiluted ether 
vapour to impinge upon the larynx ; the sponge is very 
hable to freeze hard, and so no evaporation of ether 
can take place ; it occasions great struggling ; it is 
wasteful of the ether. 

Messrs. Krohae and Sesemann have designed a, 
modified cone of which a description is given on p. 116, 
which although designed for chloroform can he used 
either for ether or the ACE. misture. 

For administering ether I prefer Clover's apparatus, 
but for the exhibition of the A.C.E. mixture, the cone 
or one of the modifications mentioned above is prefer- 
able as admitting of more free air dilution. 

The apparatus for administering ether by the rectum 
is described on p. 87. 

A1J.13' Inhaler. (Fig. 22). — Another useful form of 
inhaler is that invented by Dr. Allis of Philadelphia, 
supplied by Messrs, Mayer and Meltzer. It is applicable 
for the use of ether or the mixture, and is efficacious and 
cleanly, and is probably the best foi-m of open inhaler. 
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It consists, as can be seen from the wood-cub, of a 
metal frame ao arranged that flannel bandage can be 
stretched across and across. The outside is covered 
with a leather ease, which being prolonged below the 




metal serves as a well adjusting face-piece. Fresh 
additions of the auffisthetic are dropped from time to 
time upon the flannel from above, 

Bendle's ether mask figured below needs no special 
description. (Fig, 23). 

Many other forms of apparatus have been invented, 
but as they possess no peculiar merits and are seldom 
o 2 



a tliia country, I must omit further mention of 




Fio. 23.— Rendli 



The Admini 

The effects of ether inhalation will vary eoneiderably 
according as the patient is narcotised rapidly or slowly- 
Slow etheriaation posseases no advantages, and is in- 
deed positively harmful by prolonging the stage of 
delirious excitement. 

The patient heing placed in the supine position and 
his clothing ascertained to be loose, his month is ex- 
amined for artificial teeth or an obturator, and if such 
exist they are to be taken out and ether administered 
by one of the above forms of apparatus. Although the 
supine position is best, yet for operations for the re- 
moval of teeth and upon the post-nasal cavity tho 
patient may be allowed to be propped in a sitting 

When the patient first breathes ether vapour, he 
cat.Ojea his breath, may oough, and resists the ingress 



of the vapour. Tkis will be in proportion to the 
Btrength of vapour used. A fuw inspirationB will 
render him dazed, the face will flush, the eyes grow 
sufFuaed, and the breathing become rapid. The pulse 
in this stage is large, softer than natural, and acceler- 
ated. Although Bttipefied, the patient can still perform 
certain voluntary acts, e.g., piittiug out the tougue if 
loudly ordered to do so. The feehug of sufi'ocation 
which was at first experienced now gives place to one 
of exliilaration, the dyspnoea disappears, and the re- 
spirations are full and deep. Formication and tingling 
are felt in the hands and feet. The pupils usually 
. contract in this stage. The exhilaration, however, soon 
passes into a condition of delirious excitement. Bert 
denied that true excitement occurs, believing that pro- 
gressive loss of muacular power supervenes, while the dis- 
orderly movements commonly put down to excitement 
of delirium are he thought to be explained as uiie aoHe 
d'attarchie eerebrale, the guiding centres being in abey- 
ance. In whatever way we regard these movements, 
they certainly appear to be the result of temporary 
delusions. Thus, military men will, in this b'i&ge of 
etherisation, shout words of command ; whUe those 
ioclined to pugilism will attempt to box with the by- 
standers. The respirations and heart's actions are 
considerably accelerated ; the skin grows moist, the 
face dusky. Soon a period of quiet follows, and it 
should be the aim of skilled etherisation to curtail as 
much as possible this conditiou of excitement. In the 
Buuceeding quietude the limbs stiffen, the muscles grow 
strongly contracted and firmly set, the whole body 
becoming rigid. Breathing is hampered by the rigidity 
of the thoracic muscles and needs watching at this 



time. Should respirations stop it will be ueceeBary to 
firmly press two or three times upon tlie chest, and eo 
force in the air. The pupils dilate and the skin be- 
comes bedewed with perspiration, while a roseolous 
rash appears in patches about the neck and chest. 
These patches coalesce. The pulse reanraes its normal 
rate, and although soft, yet remains regular and some- 
what more forcible than before the aniEsthetic. Now 
ensues the stage of muscular relaxation. The patient 
lies absolutely insensible to all external impressions 
with his muscles perfectly flaccid. The breathing 
slows although it keeps quicker tJian normal, and is 
much more shallow. At this time amesthesia may be 
taken as complete, and operative measures may proceed. 



Ebctal . 

Pirogoff as early as 1647 suggested that ether should 
be given by the rectum and finding that liquid ether 
could not with impunity be injected (Magendie), he 
employed an apparatus which permitted ether vapour 
only to enter, and obtained such good results that he 
behoved rectal etherisation would replace pulmonary 
inhalation. More recently Dr. Axel Yversen of Copen- 
hagen, Dr. 0, Wanscher of the same city, and Dr. 
MoUiSre of Lyons as well as Dre. Bull and Weir of 
New York have tried rectal etherisation and speak well 
of it, 

I have now used the method pretty extensively and 
find it to answer admirably for operations about the 
mouth, nose and post-buccal cavities, for intra- and 
extra-laryngeal operations, for staphylorrnphj and for 



operation a. for the relief of empyema. For the removal 
of the tongue, for excision of the jaw, or jaws, and for 
plastic operations ahout the face, the method gives 
greater facilities and freedom to the operator than any 
other plan I have tried. Mr, Appleby recommeudB blie 
method ako for prolonged dental operations. The 
advantages claimed are (i.) lesa ether is used, (ii.) re- 
covery is more rapid, (iii.) after effects are less severe, 
(iv.) the stage of excitement is lessened or abrogated. 

Its disadvantages are ; the greater length of time the 
patient usually takes to become ready for operation 
however thia does not always apply ; the uncomfort- 
able feehnga some patients complain of, although Dr. 
Wanscher say a some of his patients having been 
anssthetised first by the usual method and subsequently 
by the rectum, preferred the latter. 

In some cases it is alleged that severe meteorisin, 
diarrhcea and even mel^na have followed the use of 
ether by the rectum. Unquestionably the method re- 
quires the greatest care and some experience before a 
uniformly happy result can be expected, and the anses- 
thetist must remember that carelessness in permitting 
too rapid an evolution of the vapour will lead to grave 
Buffering if not to danger. 

The apparatus I have employed is in effect an ether 
receiver liolding about 2 or 3 ounces, this is plunged 
into a second vessel which should contain water at 
120' F, The ether vessel communicates by an india- 
rubber tube with a glass intercepter devised to prevent 
the entrance of liquid ether into the rectum The 
further end of the intercepter is joined by another and 
short tube to an anal tube. This is made for me by 
s. Mayer and Meltzer. ^ome persona have em- 
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ployed the water at a liiglier temperature, but my ex- 
perience leads me to believe that tlie untoward 
experiences which have been recorded have in most, 
if not all, oaaea been brought about by having the water 
too hot, and ho permitting a too rapid evolution of 
ether vapour. 

The usual signs of antBHtheaia are present and so 
nothing need be said about them. As a rule children 
go under more rapidly than adults, when ether is given 
by the rectum, but the time occupied in inducing com- 
plete anffistheaia varies within wide limits. I have 
succeeded in S minutes and have had to wait IS or 80 
minntea. Dr. Stimson informs me that American sur- 
geons have had several fatalities in employing this 
metliod. 

Danoers and Accidents of Ether Inhalation. 
The chief troubles which occur during ether uareosis 
are connected with respiration. In the first place 
the breathing may be stopped through obstruction in 
the larynx, tlie rima glottidia becoming closed and no 
air entering the lunga. In some cases the rigidity of 
the muscles may cauae impediment to air entry by 
provoking tight closure of the teeth. Inspiration 
through the nose is greatly hindered or prevented by 
the nostrils being sucked in with inspiration. In this 
way little air can enter the chest aud the patient grows 
cyanotic. If the teeth be forcibly opened by a screw 
gag, air will enter freely and the cyanosis pass ofif. 
The movements of respiration do not cease in the con- 
dition of laryngeal spasm, whether partial or complete. 
In edentulous persons with long flabby lips, these are 
Backed in and act as a kind of valve permitting espira- 
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tion but hioderiD^ inspiration. To obviate this 1 have 
found keeping the jaws apart by a Fergusagu^a_gjig 
useful, and administering the ether with the mouth ao 
propped open. 

Treatment. — The head must be thrown back and the 
tongue drawn forward ; by this means respiration may 
be induced to start, but faiUng this, tracheotomy must 
be performed, 

A more troublesome, although fortunately rare 
complication occurs, wheu the thorax becomes fixed by 
the rigidity of its covering muBcles. The treatment 
here is to maintain the air way open, and to attempt to 
overcome spasm by artiticial respiration. In spas- 
modic fixation of the thorax, abdominal respiration 
must be practised, and the floating ribs compressed in 
expiration. Stimulation of the nasal mucous mem- 
brane will sometimes initiate a deep Inspiration. This 
can be done with quills of bibulous paper soaked in 
sal volatile or an ammoniacal solution. 

But if ether be incautiously pushed for a prolonged 
period, without allowing the patient to renew the air in 
his lungs from time to time, the respiration may stop 
nltogether, ahhough the muscles will be quite flaccid. 
This condition would appear to ensue upon tlie over- 
loading of the blood with ether, leading to poisoning of 
the respiratory centre. The treatment is the immediate 
performance of artificial respiration. If this be properly 
done the blood soon becomes duly oxygenated, and 
the nerve-centres bemg once more supplied with de- 
purated blood, recover their control over the respiratory 
mechanism, and so natural respiration ensuen. 

Barely, the heart may give trouble. In a few 
recorded cases fatal syncope has occurred at the com- 




moDceraent of ether inhalation, but whether euch 
caaualities can be justly imputed solely to ether in- 
dnence, is I think doubtful. 

Less important inconveniences of ether inhalatiou 
are the increased secretion from the mouth and respira- 
tory tract ; this although interfering with respiration ia 
seldom of any great importance. It must be remem- 
bered, however, that in infants and weakly persons it 
may prove a grave after complication, giving rise to 
blocking of the tubes and water-logging of the lungs. 

Coughing occurs in many persons, especially if 
ether vapour be given in too concentrated a form ; but 
it ia a mistake to remove the inhaler for this in all 
cases, as frequently while a dry cou-gh occurs in the 
earlier stages of etherisation, it is suppressed by push- 
ing the anssthetic. 

Vomiting during the operation is nearly always due 
to the giving of too httle ether, and follows upon the 
partial resumption of consciousness. The patient will 
be observed to inspire u-regularly with shallow breaths, 
followed now and again by yawning inspirations. This 
will be succeeded by efforts at swaUowing, rapid and 
chiefly abdominal inspirations ensue, and the patient 
retches and vomits. Conjunctival reflex returns just 
before the sickness. 

Treatment. — Two indications are now paramount, to 
get rid of the vomited matter and to avoid any of it 
being drawn into the larynx by the deep inspiration 
which always follows the act of vomiting ; secondly 
to prevent complete return to consciousness. To obvi- 
ate these the patient's head should be turned to one 
side without being raised and all vomit removed with 
the finger ; then the inhaler should be rapidly re- 
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applied, aud if further vomiting occur recourse must 
be Lad to similar manceuvres. But a judicious pushing 
of tlie ansHthotic at the firBt nigiiB of the onset of 
■vomiting will often, if not always, prevent the oc- 
currence of sickness. Id carrying out this plan 
great care muHt be taken, lest if it fall and vomiting 
occur, the ejected matter should enter the windpipe. 
If vomit be drawn into the trachea and cannot be 
coughed up, it may be necessary to open that tube 
and to take measures for the removal of tiie foreign 
bodies from the air passages. 

Collapse. — When it ia necessary to administer an 
anfesthetic to persons already collapsed, and ether is 
selected as most likely to assist the heart's action, it is 
well to obviate any further shock from difficulty of 
breathing, chilling, &a., by removing the hag from 
Clover's regulating ether apparatus, and so letting the 
patient inhale a very dilute ether vapour. Another 
plan is to take the apparatus off the face during the 
first haU inspiration as well as during expiration. 
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Ether chills the body, so that when the aniesthesia 
has to be kept up for any length of time it is advisable 
to keep the patient well covered up, and to apply hot 
water bottles to feet, thighs and flanks. The arras and 
legs may also be hound up in cotton wool especially 
when rectal etherisation is contemplated. It has been 
suggested that the use of a hot water table for pro- 
longed and grave operations would counteract the 
shock. 



Nautea and Tomiting in some cassB prove trouble- 
BOlue aud very iutractable. They uanally occur in per- 
8011S wLose general linalth has been impaired before 
reoQtviug tlie aniBsthetic. All food and Etimulants 
liittst be withheld for tliree or four hours after ether, 
aitil the patient be encouraged to take tea-spooufuls of 
hat vaUr ; tepid irater provokes more vomiting, hot 
\vat6r checks it. The use of metal spoons in so ad- 
luiuietering the water should be avoided, that the lips 
and tongue may uot be blistered. In some cases iced 
Bodft water in eipa will cheek vomiting, while iced black 
coffee with a dose of bromide is often efficacious (gr. x. 
to a timall cupful). Absolute quiet with an enforcement 
of the sopiue position must be observed, while the 
p*tiont is placed in au airy room, with windows opened, 
und well covered with blankets or rugs. lu lesser 
degrees of sickness, sucking pieces of ice is useful ; but 
the loading of the stomach with ice-cold water is a 
measure often followed by great sickness aud dis- 
comfort. 

Should vomiting continue and there be accompany- 
ing collapse, iced dry champagne may be given in tea- 
spoonful doses every quarter of an hour until improve- 
ment occurs. 

Some persons suffer from great nausea without much 
BicknesB. Small doses of tincture of nux vomica _will 
do good in these cases, one minim in a tea-spoonful of 
water, by preference hot, may be taken every~teii 
minutes for an hour. This will usually check the 
Uftuaea, and faihng it. Dr. Kinger's suggestion of drop 
doses of viu. ipecac, may be tried. Dilute _hydrocyanic 
acid in minim doses is also uaeful. 

Hiccough, which is sometimes very severe alter ether. 
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maybe cured by mustard ( 3 j. infused and added to 
I iv. ot boiling water) taken in sips. Less unpleasant 
remedies are cajeput, musk, chloral, and morphine 
(administered hypodermically). A small cup of strong 
green tea, taken hot and without sugar or milk, will 
often check hiccough. 

Diarrhoea, and passage of blood per anum after rectal 
etherisation should be treated by emollient injections 
containing opium, while the general strength of the 
patient be attended to, and his collapse treated upon 
general principles. 
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Chloroform (CHCl,) was (liseovered by Mr. Samuel 
Guthrie of Brimfield, Massachusetts, U.S. A , who con- 
tributed an article id the American Journal of Science 
and Jrt, Oct. 1831, upon "A spirituous solution of 
chloric etber," This paper was in the hands of the 
publisher in May although it was not acttially published 
until the October. In January, 1832, Soubeiran inde- 
pendently discovered chloroform, but as on analysis he 
overlooked the presence in it of hydrogen, he called it 
bichloride of ether. Liebig also discovered it inde- 
pendently in November, 1881, and classed it as a liquid 
chloride of carbon. It was not, however, until 1834 
that the true composition of chloroform was under- 
stood, and its properties enunciated by Durnas, As is 
well-known, its employment as an antesthetic was due 
to the advocacy of Sir James Y. Simpson, in 1847, 
after its having been introduced to his notice by Mr, 
Waldie, of Liverpool, 

Chemical and physical properties. — It is a limpid heavy 
liquid with a specific gravity of 1'497 at Sa-S" F. (17° C.) 
(Eegnault); vapour density 4-199 (Dumas). It has 
an agreeable ethereal smell and sweet taste. Its vapour 
is not easily inflammable, but if ignited burns with a 
green flame. It is very volatile, hut although mixing 
freely with air, pure chloroform vapour can only exist 
at a temperature of 140° F, When exposed for some 




: to light, chloroform splits up into ehloriue a 
hydrochloric acid. Chloroform vapour diffused in a hot 
room wheu illuminatiug gas is burniug splits up and b, 
quantity of suffocating fumes ate liberated. It boils at 
about li2° F. (61" C.) (Kegnault). To test-paper, 
chloroform should be absolutely neutral. Soluble only 
to the extent of one-half per cent, in water it freely 
mixes witli ether and alcohol. 

Ciiloroform is prepared by the action of rectified 
spirit on chlorinated lime in the presence of slaked lime. 
After distillation the impure product is refined with 
water which removes the alcohol, chlorine, &e. ; oily 
matters are disposed of by washing with sulphuric acid, 
while the remaining matter is eliminated by distlUation 
over dry chloride of lime and slaked lime. 

Chloroform may also he manufactured from methy- 
lated spirit ; the product when carefully purified is said 
to be chemically iadlstiugulshaLile from that obtained 
from proof spirit, 

A further source of chloroform is acetone. The 
acetate of lirae is carefully distilled and purified, 
and the acetone so obtained diluted and forced into a 
Btill which contains chlorinated lime in the presence of 
water. The mixture is kept agitated, crude chloroform 
distilling over. Subsequent purification and the addi- 
tion of a small quantity of alcohol completes the pro- 
cess. The reaction may be represented as followa ; — 
2C3H60-i-6CaOCl, = 2CCl3H+Ca{C,HjOj),-f2Ca(HO}, 
+ 8CaClj. 

A further process consists in the dry distillation of 
crude acetate of lime and the formation of chloroform 
from crude ketones or the mixed acetones obtained by 
this distillation. 
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It is asserted, however, by some that chloroform 
posHesBeB a Hligbtly varying physiological aetiou ac- 
cording aa it is derived horn one or the other source 
detailed above. 

Chloroform is lin-hle to contain certain imparities ; — 
Alcrihol. — This must he present in a small quantity in 
order to prevent decomposition of the chloroform. The 
impurity is detected firstly by the specific gravity, which 
below 1'48 points to adulteration, probably by alcohol. 

Te»U. — 1. A few drops of the douhtlul chloroform are 
added to a solution of white of egg, and if alcohol be 
present to the extent of 2 or 3 per cent. (Letheby), the 
albumen coagulates. 

2. A mixture of eqaal parts chloroform and almond 
oil becomes turbid if alcohol be present. 

8. The suspected chloroform is dropped into distilled 
water; if coutaining alcohol the otherwise transparent 
globules look as if surrounded by a milky halo of opales- 
cence (Mialhe). 

i. Chloroform if contaminated with alcohol gives a 
green colour with chromic acid. 

Ether may be found in some samples of chloroform, 
its presence being revealed by its odour and by glohulea 
taking a dull-red colour with iodine, thus contrasting 
with the violet shade which pure chloroform gives, 
(Berohou). 

Crystallised nitro-eodic sulphide of iron is dissolved 
if alcohol or ether be present in chloroform. 

Methyl Compounds. — These give rise to nausea, head- 
ache, lassitude; they are detected by adding strong 
sulphuric acid to the chloroform, which becomes black 



acid and chlorine are liable to be devel- 
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Oped if chloroform be exposed to light and air. The 
fii'st gives an acid reaction ; the laet has a characterietic 
irritating odour, and bleacliea. Suspected chloroform 
may be shaken with distilled water and this tested with 
nitrate of silver for chlorides. The presence of free 
acid is also shown by adding sodium, which in contact 
with the acid produces an evolution of gas. It is useful 
to remember that iu a room lighted with gaa, chloroform 
is very liable to undergo the above decomposition, noxi- 
ous fumes being liberated which may prove deleterious 
to the patient and seriously inconvenient to the operator. 
It is wise to ensure thorough ventilation, and as little 
burning of illuminating gas in the presence of chloro- 
form as possible. 



Physiological Action of Culorofobm. 

Upon the blood corpusolee this substance acts aa a 
solvent. It is a protoplasm poison rapidly destroying 
the irritability and contractility of muscle. 

Prolonged inhalation of chloroform repeated day 
after day for a considerable time is said to lead to fatty 
degeneration of the tissues, and it is further asserted 
that like changes occur in a leas marked degree even 
when but little of the narcotic ia taken. 

Chloroform behaves somewhat differently according 
as it is applied — (1) to the skin or an abraded surface ; 
{2) to the mucous membrane of the alimentary tract ; 
(S) to the mncons membrane of the respiratory tract. 

Upon the a/iin ami abraded aiiifares chloroform be- 
numbs and acts as a strong irritant. If the coutaot 
be prolonged, and if evaporation be prevented, vesication 
will ensue. It ia therefore important to guard against 



these effects during the administration of chloroform, by 
protecting the face with a little vaseline smeared over 
the lips and nose. 

Upon the mucous membrane of the alimentary tract. — 
When swallowed, chloroform produces a seneation of 
warmth, and has a sweet taste. AnEestbesia follows the 
swallowiug of a considerable quantity, but other and 
dangerous symptoms of irritant poisoning are provoked 
by the introduction of this drug into the stomach, (See 
Jiledico-Ugal Aspects of AnaslliHics, Chap. XII.). Acute 
gastritis and death from collapse have in some cases 
followed. 

Chloroform when inhaled produces very different 
effects according as it is given pure or dilnted with air. 
Given to the lower animals in concentrated vapour (air 
saturated) , artificial respiration being performed, chloro- 
form soon causes the right ventricle to distend and be- 
come engorged, the heart ceasing to heat, Mc William 
has demonstrated experimentally tlmt even when chloro- 
form vapour is diluted it produces a dilatation of all the 
cavities of the heart. Up to a certain poict of coucen- 
tration, chloroform vapour will not permanently damage 
the resihency of the heart, and its muscle wil3, upon 
withdrawal of the narcotic, contract, while the ventricles 
and auricles resume their normal size. When a cer- 
tain point of concentration is reached, however, the 
mjocardium fails to contract even when no further 
chloroform is given, and rapidly becomes insensitive to 
stimulation, being only thrown into fibrillary contrac- 
tion {delirium cordk). A heart once so dilated beyond 
the point of its ability to re-contract never recovers and 
the creature dies. When respiration is not maintained 
by artificial means, it ceases either before the heart 
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etopa or Bimultaneously. The members of tbe Hydera- 
bad Commission, however, tame to couclusioiiB at 
variance with these statements. Their investigations 
■were undertaken in India and carried out with great 
care and skill, a large numlier of animals being sub- 
jeuted to experiment. Their results may thus he 
summarised. In every case respiration stopped before 
the heart, the interval in most cases between the two 
events being from two to sis minutes, although it was 
only one minute in some instances, and in one case 
eleven (in a dog), in another twelve minutes (in a, 
monkey). 

On the other hand it has been urged that the concln- 
sions at which the Commission arrived are open to 
objection; since in the tirst place their experiments 
were too few (600) to prove, because they never observed 
heart failure to precede cessation of respiration, that 
therefore primary heart failure does not occur. In 
the second place, other observers working in temperate 
chmates afiirm they have repeatedly met with primary 
heart failure among the lower animals. Dr. Lawrie, 
supporting the conclusions of the Commission, states ho 
has a record of about 40,000 cases of human beings 
subjected to chloroform in none of whom primary 
heart failure occurred, indeed he met with no case of 
death. Various American and European persons of 
authority traverse this by pointing out the fact that 
in temperate chmes deaths from chloroform inlialation 
occur iu the practice of the most skilled autesthetists, 
and that such deaths have been repeatedly observed 
to have resulted from primary heart failure. I have 
found that the hearts of animals killed by a letiial dose 
of chloroform show fibrillary irritability for some time 
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after the heart -mnHclB as a whole ia incapable of con- 
trtLctiug in response to electrical or mechanical e^^cita- 
tion. This state no doubt corresponds to the condition 
called by Professor Mo William •' delirium cordis." 

The various parts of the nervous system appear to 
become affected in the same order as obtains in the case 
of ether, that is to say the cerebral centres are influ- 
enced before the sensory fibres of the cord, and these 
before the motor fibres, while last of all the medulla 
becomes paralysed. It therefore would seem that 
chloroform may kill in two ways : firstly by interfering 
with the heart's action and so inducing syncope, and 
secondly by paralysing the vital centres in the medulla. 
In the former case death takes place early in the narco- 
sis, but in the latter only when the blood is saturated to 
a certain (at present unknown) point. 

Chloroform seems to have a selective action upon the 
nervous system, analysis of the tissues of persons who 
have been killed by chloroform showing that the brain 
and cord contain proportionately more of it than other 
tissues (Lallemand, Perrin and Duroy). What is the 
nature of the action upon the nerve centres we are unable 
to say, but evidence points to the probability that it is 
exerted upon the tissues themselves. Harley and others 
have asserted that chloroform produces destructive 
changes in the red blood corpuscles, and they explain 
the occasional jaundice following chloroform isation as 
arising therefrom. Others have believed, but upon 
insufficient evidence, that chloroform exerts its influ- 
ence by changes which it effects in the process of oxida- 
tion. It has been shown that chloroform exercises a 
direct influence upon the muscular tissues of the heart, 
although voluntary muscle ia but slightly affected, 
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Cliloroform, altbougli possibly in part split up (Zeller), 
certainly in bulk remainB unaltered, and is eliminated 
unchanged in the urine, the breath, and the taillt. Its 
use produces a marked lowering of blood pressure, al- 
though this may be preceded by a very transient rise. 
The fall is due in part to paralysis of the vaso-motor 
system as has been shown by Eowditch and Minot, and 
in part to the diminished force of the heart's action, 
itself a result of the chloroform. Large doses of chloro- 
I the heart to stop at once, and it becomea 
inescitable. It is doubtful whether arrest of 
;he heart be due to direct action of the chloroform upon 
bstanee, or to refles inhibition through irritation 
of the nerve endings of the pneumogastrics iu the 
We know from experiment that chloroform 
to stop the heart when applied directly to its 
substance, and we know further that it actually kills 
the heart muscle and destroys its contractility. 

With regard to the reflex theory above mentioned, it 
muiit be admitted that we are at present without any 
aclual proofs of its truth. The conclusions of the 
Hyderabad Commission upon these points are worthy 
of notice. They assert that the fall of blood- pressure, 
when due to vagal stimulation brought about by aa- 
phyxial conditions, is really protective. " The slowing 
of the heart and circulation which is produced by irrita- 
tion of the vagus by any cause, such as holding the 
breath io chloroform administration, retards the ab- 
sorption and conveyance of chloroform to the nerve- 
Chloroform, as has been previously pointed out, acts 
upon the medullary centres ; presumably each indi- 
vidual can take a certain quantity varying according 
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ax \te in capable of eliminating the dmg, and nben this 
qiiatjtity in exceedei], the respiratory centre becomes 
puritlyvetl, and respiration ceases nhile the heart-beat 
perfiiitt« for a few sccoade longer. Taniguti. working 
under Salkoweki, found that chloroform inhalation or 
ingomtioti by tlio month produced a rise in the excretion 
of nitrogen uhowing increased disintegration of albnmen. 
No siicli effects followed when ether was substituted for 
chloroform, 

The further action of chloroform upon the body is 
Blight ; it produces some increase in saHvary secretion, 
and in small umntity excites vomiting. lu a certain 
proportion of p^uis it provokes icterus. Astigmatism 
has boeii olmcrvod aPliH lowing the narcotism of chloro- 
form. Albuminnria and glycosuria are also recorded 
itti liuiijg imiuoed by this agent. 



The Human Subject. 

In describing in detail the action exerted by ohloro- 
foriu upon the liuman subject, it is convenient to divide 
the period of narcosis into five stages. 

In thefiiH itaije — from commencement of inhalation 
to iinpairmeDt of consciousness — fulness of tlie bead, 
rtnifiug, buKziug in tlie ears, aud palpitation of the 
heart, are sometimes fvtt ; tliere is also some diminu- 
tion of Oituimon sousation. 

In (A* smw'Hif stane tlie mental powers are impaired 
attbouch not snspeuded. The patient remains passive 
as if sleeping, or ocoasionally makes a volantary move- 
lueut Sometimes laajthing, singing, talking, are in- 
dulj^ in tlnriug this stage. Snow beUeved that 
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dreaming occurs at this time and tlien only. Towards 
tlie close tlie patient becomes restive, he attetnpta to 
remove the face-piece or towel, for he is conscious of 
being inconvenienced by the vapour but not of the 
necesnity for remaining passive. Common sensation is 
much blunted, so that patients submit without expostu- 
lation to painful manipulation. This degree of narco- 
tism is sufficient for obstetric practice, and the after 
stage of prolonged operations. As a rule, struggles or 
expressions of pain wbicb show themselves at this time 
are not subsequently remembered. 

In the third stage all voluntary movements are lost. 
The conjunctival vessels become full, the muscles rigid, 
and struggles, even epileptiform convulsions, may 
supervene. As the stage advances the muscles relas, 
inarticulate jabbering and mouthing occur. Although 
really insensitive to pain, the patient may flinch or 
even cry out. Later in this stage all reHex acts are 
abolished, the conjunctival and nasal receding last. 
The patella jerk also persists late, while under deep 
anesthesia the ankle-joint phenomenon in some cases 
appears. 

Ill the fourlh stage breathing is stertorous, the pupils 
dilated, and the muscles completely relaxed and flaccid. 
At this period the patient is profoundly unconscious and 
is drifting into danger. Such deep narcosis is seldom 
needed save for the reduction of old-standing disloca- 
tions, &c. 

The fifth stage ie the interval which, following the 
fourth degree of narcosis, intervenes between tlie 
respiratory embarrassment and total cessation of 
breathing. Even after dyspncea has passed into apncea, 
the heart continues to beat for a brief while. This 
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stage marks tlte period when chloroform teneion in the 
blood is great enough to paralyse tlie respiratory 
centres in the medulla oblongata. 

Chloroform enters the blood until an equiUbrium is 
established between the tensions of chloroform in the 
residual ajr in the lungs and that in the serum. So 
long as the tension in the air is maintuiueJ above or 
equal to that in the blood, no chloroform can leave the 
serum through the agency of the pulmonary mncous 
membrane. Snow demonstrated this theoretical asser- 
tiou by actual experiment substantiating the truth of 
the a priori statement, and so he arrived at the follow- 
ing law: — "As the proportion of vapour in the air 
breathed is to the proportion that the air, or the spaoe 
occupied by it, would contain if saturated at the 
temperature of the blood, so is the proportion of 
vapour absorbed into the blood to the proportion the 
blood would dissolve." 

The amount of vapour which can be taken up (held 
in solution) by the air of the atmosphere, varies with 
the elastic tension of the chloroform vapour at different 
temperatures. Thus at iO° F. a small quantity of 
chloroform would evaporate into air; at 130° F. so 
much would volatilise as to give rise to an almost pure 
chloroform vapour. In the following table, taken from 
Snow's " Anffisthetics," the amount of chloroform in 
vapour is shown in 100 cubic inches of saturated mix- 
ture of air and chloroform at different temperatures. 

One grain of chloroform in one hundred cubic inches 
of air produces the s 
carries chloroformisation further. This 
a proportion of 1 part bj measure of chloroform in 
16,285 parte blood, or 0-0000614 the proportion by 
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weiglit. Two grains in each hundred cubic inches of 
air, or ^ eaturation (unity being saturation), produces 
the fourth stage of narcosis, or 0-0001228 the propor- 
tion by weight. 

Auy proportion above two grains in the hundred 
causes interference with respiration, three grains in the 
hundred seems about the ratio which renders respira- 
tion impossible. Three grains represent 2 3 cable 



90 



65 



35 



inches vapour, and as air at 100° F. can take up 48-9 
per cent, of its volume, the blood must contain from 
^ to ^ of the proportion it is capable of absorbing 
when the respiratory centres are poisoned. 

Snow found lurther, that calculating the weight of the 
blood as thirty pounds, twelve minims of chloroform in 
the circulation produces narcosis of the second degree ; 
eighteen minims the third degree (surgical anasthesia) ; 
twenty-four deep narcosis (fourth stage), and thirty-six 
should paralyse the medullary centres. In practice 
more is needed because a certain proportion evaporates 
from the tracheal and bronchial surfaces and is carried 
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out in expiration. If twelve minima bo evaporated into 
a bladder and inhaled to and fro, no more air being 
allowed than can be blown from the lungs, narcosis of 
the eecood degree actually reeulta. Now taking thirty- 
Bix minims as a lethal doae, the fallowing considerations, 
npon wliich Snow strongly insisted, explain how eaeily 
this quantity may enter the circulation if the adminis- 
trator be not perpetually upon his guard against over 
dosage ; 18 minims represents the amount absorbed to 
produce surgical narcosis, this amount might be ( 
Borbed by the use of 36 minims, the remainmg Ift 
: being exhaled as above mentioned. Thesfl 
represent 37'5 cubic inches of vapour, which 
at 60° F. would require 257 cubic inches of air. Tha 
800 cubic inches thus formed would be inspu-ed in 
twelve respiratory acts (25 cubic inches being thfll 
amount of tidal air). Now if a vaponr of this etr^ngthj 
were continuously inhaled, the residual and comple* 
mental air would become saturated, and as about 2SQ 
cubic inches represents the air in the lungs, thifl 
amount would at 60° F. contain the vapour of 
minims. Assuming only half this quantity to be £ 
Borbed, tliat is 15 minims, we uhould then have 18 + 
or S3 minims in the blood, an amount almost if i 
quite enough to paralyse the respiratory centre. Thi 
points being held in remembrance will explain manj 
cases of chloroform death, ascribed to " idiosyncrasy ** 
or the "fatty heart" which stands inexpert chloro^ 
formista in such good stead. 

These considerations, which cannot be studied too 
carefully, point out the importance, not only of taking 
precautions against giving an overdose of chloroform, 
but the equal if not greater importance of maintaia- 



iug a completely unimpeded elimination of the drag. 
The 'KeportB of tbe Hyderabad CommiBsion again and 
again urged tlie grave dangers wliich follow when 
aspliyjiia (by which is meant impediment to thorough 
air exchange in the lungs) is even in the Blightest 
degree permitted to complicate chloroform narcosis. 
Such asphyxial complications of course mean impaired 
elimination, itself tantamount to accumulation of 
chloroform in the blood. Broadly speaking it is true 
to say that a dose of chloroform which is safe, provided 
due air exchange is ensured, rapidly grows dangerous 
■wbea its elimination is interfered with. Death from 
chloroform does not, however, always result from 
respiratory paralysia. 

Dr. Lawrie and tlie Hyderabad Commissioners on 
Chloroform have ably traversed the work of previous 
investigators, and assert most positively that in their 
view primary heart failure never occurs in tlie human 
subject as a result of chloroform. They consider their 
experiments justify them in stating that death from 
chloroform always results from respiratory failure, and 
that in every case the heart beats for some minutes 
after the complete cessation of breathing. These 
views Dr. Lauder Brunton, acting as assessor for 
the Lancet during the second Hyderabad Commis- 
Bion, appears to have adopted, basing his change of 
opinion upon the series of very careful and beautiful 
experiments at which he himself assisted. It would 
serve no useful end to discuss these here : I may, 
however, say that many observers aontend that although 
pertinent and cogent enough as far as they go, they 
cannot be said to have substantiated any facts proving 
the nou -occurrence of primary heart failure, although 



Amsbthbtiob. 

tbej' ofTer veiglit;y arguments tending to that conclu- 
sion. The research, as fur as it deals with the qnestion 
of the causation of respiration -failure under chloroform, 
hae placed our knowledge upon a more sure basis. 

Working on similar lines to Snow, Paul Bert ex- 
amined the action upon animals of small percentages 
of chloroform vapour in air. He asserted that atmo- 
spheres containing chloroform below a certrtiu percentage 
failed to induce an»athesia ; below a higher percentage 
{none maniahk) produced aniesthesia witiiout danger to 
life, even when a vapour of this strength was perKisted. 
ia for an indefinite period ; while above this higher 
percentage death always occurred. The lethal per- 
centage he found to he double the smallest quantity 
necessary to induce anaesthesia. Lister, who repeated 
Bert's experiments, found no true zone mamabh ("work- 
able zone "} to exist. Indeed, the French observer 
appears to have overlooked the important fact that 
chloroform not only kills by paralysis of the heart, but 
also by failure of respiration, Richardson, whose views 
seem to differ from those who adhere to the percentage 
theory, snggeats that death from chloroform is, when it 
occurs in the latter stage, due to the cumulative action 
of the drug. 

Dr. Kirk of Glasgow has recently advanced a " new 
theory " explaining primary cardiac syncope under 
chloroform. He contends that the drug acts (1) directly 
upon the muooiis membrane of the lungs, (2) by ab- 
sorption into the blood. Accepting the second mode of 
action as that which ordinarily obtains, Dr. Kirk believes 
that in the first way quite a similar action takes place, 
and that it reaches a maximum intensity more rapidly 
in the caae of (2), This action he terms the " ex- 
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ternal," that due to absorption into the blood as the 
"internal." He further asserts that there is a corre- 
sponding reaction equal and opposite to both this 
internal and external action. In the early stage of 
chloroformiaation, say ■within 2^ minutes or so, if this 
external action ceaeea by the withdrawal of the chloro- 
form vapour, then a rapid and vigorous reaction seta 
in and it is this sudden swirl and bound of the 
circulation which Dr. Kirk believes gives rifie to 
primary cardiac syncope. Dr. Kirk insists that the 
Hyderabad Commission was in error in denying prim- 
ary syncope, and believes the best means of counter- 
acting its danger in to give "plenty of chloroform" 
and take pallor or other threatening of syncope rather 
as au indication for more chloroform than for the 
withdrawal of that drug. 



The Administration of Chloroform. 

Various as are the methods in vogue in this and 
other countries, they may with propriety be grouped 
under two headings. 1. When au inhaler is employed. 
2. When the open method is followed. 

Among the multitude of inhalers which have been de- 
vised, we may notice Clover's chloroform appara- 
tus, which cousiBtH of a large hag capable of containing 
a given volume of air ; into this the vapour of a given 
quantity of chloroform is allowed to enter, and the 
mixture is so arranged that the tension of chloroform 
vapour in the air is maintained below 4-5 per cent. 
The bag ia constructed large enough to hold sufiiciont 
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for several patients. It Is connected at one end by a 
flexible tube with a face piece, and at tbe other, with a 
bellows worked by the foot. To the bellows is attached 
a small metal receiver, into which a known quantity of 
chloroform is pumped by a graduated syringe inserted 
into the lid. Forty minims of the narcotic are supplied 
with every thousand cubic inches of air pumped in, 
and as these represent forty-five cnbic inches of vapour, 
the percentage of chloroform never exceeds aboat 4^ 
per cent. 

Chloroform kills by concentration of its vaponr, 
hence our aim in its administration is to maintain the 
amount of chloroform in the respired atmosphere below 
the dangerous percentage (five per cent.), A percent- 
age of five is very distinctly lethal. But it has also to 
be borne in mind that chloroform is a cumulative drug, 
that it is not changed during its passage through the 
body, and that its elimination depends upon the healthy 
working state of the emunctories, more especially lungs 
and kidneys. Hence the percentage of chloroform with 
which we start will be unnecessarily high for the main- 
tenance of anffisthesia when narcotism is once affected, 
and any method employed which hinders free espiration, 
or hampers chest movements, is most prejudicial to the 
safety of a patient. Yet again, persons vary so largely 
in their resistive power towards chloroform, that it is 
impossible to feel sure that a percentage which would be 
necessary in one case would be adequate in another. 
But while we are dealing with an agent which is ad- 
mittedly dangerous in high percentages, one is apt to 
rush into another extreme, and allow the percentage to 
falJ so low that complete anfesthesia is not maintained. 
In this case the patient's safety is as much in jeopardy 
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as when he is inhaling too concentrated a vapour. It 
wUl readily be seen that even the best inhaler nasy 
involve many risks, as, with perhaps the exception of 
Clover's, none can absolutely maintain the detilred per- 



Snow'a Inhaler. — This conmsts of a metallic cylin- 
drical vessel, in which are fastened four stout wires 
descending nearly to the bottom, which fix two coils of 
blotting paper going quite to the bottom. The coils 
are cut into four, and are thus allowed free circulation 
of air, which enters through perforations in the upper 
part of the cylinder. Outaide this part of the ap- 
paratus is another cylinder, which is filled with cold 
water ; communicating with the interior a gla^a tube 
passes to the outside and so enables the administrator 
to Bee when fresh chloroform will be required. The 
fiice-piece is fitted with an expiratory and an inspira- 
tory valve, which last communicates with a J- inch tube 
fised to the inhaler. The air enters through perfora- 
tions in the upper part of the inhaler, traverses down 
through the notches and takes up chloroform vapour 
volatihsed from the bibulous paper, thence it passes up 
the centre of the inner cyhnder into the tube attached 
to the face-piece. During inspiratory efforts the valve 
trapping this tube permits of chloroform vapour enter- 
ing the patient's lungs, while during expiration this 
ingress valve closes, and the patient freely evaluates 
his lungs through the expiratory valve. From two to 
two and a half drachma of chloroform are placed in the 
inhaler at once, and more added from time to time as 
this evaporates, 

Sansom'B Inhaler. — Dr. Sansom has modified 
Snow's apparatus. The receiver is a cylinder 8 in. 
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high by 1^ diameter, filled with a coil of lint upon 
which the chloroform is poured. The top is provided 
with tt freely perforated plitte through which air passes, 
to become impregnated with chloroform. The receiver 
communicates by an exit tube with a face-piece to 
which are attached inspiratory and expiratory valves. 
The receptacle is covered with gntta percha, which 
Dr. SanBom believes equalises temperature better than 
the cold water jacket of Snow. 

Junker's Inhaler. — This inhaler (Fig. 24] is of 
value, though it mwst not be supposed that by its use 
the patient is placed outside the range of possible 
danger. In my modification of this apparatus, half an 
ounce of chloroform is poured into a bottle through a 
funnel-ehaped opening fixed in a screw top ; air is then 
pamped throwjh the chloroform, and in its passage takea 
up the vapour. The foot bellows are fixed by strapa, one 
of which slips over the toes, while the other receives the 
heel in the long loop. When the foot presses hghtly, 
the air in the bellows is forced through the tube into 
the bottle, tlience through another tube to a face-piece. 
The net-enclosed ball is for equalising the stream of air 
and the avoidance of splashing. It is important not to 
put more than half an ounce in the bottle at once, and 
not to pump in air spasmodically or too forcibly, other- 
wise chloroform may be driven through the system of 
tubes into the face- piece. Even if this should not 
happen, a strong blast of chloroform-impregnated air 
is very unpleasant and deleterious if allowed to impinge 
upon the face. When the bottle has become nearly 
empty, the miU-headed stopper which closes the funnel 
is removed and more chloroform added; thus the 
apparatus need never be unhooked from the admiuis- 
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trator's coat, acd the top never unscrewed nntil the 
administration is over, when the bottle should be emp- 
tied and cleaned. 




Fto. 24 —Junker's laLaler for oliloroforrQ, modified bj Dudley 



When chloroform is administered for operations about 
tlie mouth or nose, e.t;,, removal of an upper jaw, the 
tongue, &c., the anffistbesia having been obtained 
b; chloroform is bsBt maintained b; fitting the effec- 
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enttnbeof a Junker's inhnler (».«,, the tube not con- 
nected with the bellows) over a catheter, and either 
paEsing the catheter through the nostril so that tlia 
end hangs down behind the soft palate, and permits the 
vapour to enter the larynx, or else holding the catheter 
in the month. When a preliminary tracheotomy has 
to be done and a Trendelenburg's or Hahn's tnbe is 
used, the catheter may be held over the external open- 
ing of the tube, and chloroform vapoiir bo allowed to 
enter the trachea. 

Another plau is to connect the tube with the gag 
(Hewitt), and pnmp the vapour into the month. 

This inhaler has been more recently greatly improved 
by Messrs. Krobne and Seaemanu, the original makers. 
The bottle and tube remain the same, but in the latter 
an obstruction is made between the foot or hand bellows 
and the bottle, by which means the intermittent jerky- 
delivery of vapour is changed to a continuous supply, , 
The faoe-piece is replaced by a Skinner's mask bo con- 
structed that the chloroform vapour escapes by a Beriea 
of holes in the midrib of the frame. The frame is 
covered by a removable flannel cap. By this contriv- 
ance the face-piece is pervaded with vaponr instead of 
a puff of chloroform being iutormittently propelled 
against the face as in the old apparatus. The advan- 
tages of the flannel cap are its permitting free breathing 
through its substance, the patient obtains a free air 
sapply, and further the administrator can, by placing 
bis hand over the mask, feel whether or not a sufficient 
blast of air is being expired. It is cleanly, as it can be 
removed easily and be washed. 

The same firm have made a face-piece, figured below, 
which is provided with an expiration valve guarded by 
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a stiff feather. Tliia rieeB in expiration, falls iu iaapir- 
atiou, aud affords a register of the preseuce and 
strength of expiration , (Fig. 26). 

A simple inhaler, much used abroad, coneiste of a 
framework of wire fitting over the nose and mouth, and 
covered with flannel. Chloroform from a drop bottle 
is allowed to fail upon this while the patient inhales 
from the concave surface. Although convenient, thia 
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inhaler is far from safe ; it has no pretensions to regu- 
lating the percentage of vapour it allows to enter the 
patient's lungB, aud bo must be used with the utmost 
caution. 

A coue has been devised by Mr. Erohne and figured be- 
low (Fig. 2C), which is guarded by a free expiration valve 
covered with the feather register as described above. 
The cone is simply a hght wire netting twisted into a 
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cone and covered on the outside by red flannel perfor- 
ated by a circular liola for the dropping in of the 
anffisthetie employed. The interior ia occupied by a 
flannel bag freely removable and to be changed for 
washing whenever desirable. While all mechanical 
guards to inhalers are open to the objection that they 
propose to replace the constant watchfulnesa of the 
administrator by a device to attract attention, yet this 
feather register is useful, although no one who is not 
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gravely careless would trust implicitly to any such 
contrivance however ingenious. 

There are many other inhalers, but most of them 
contravene the first law of giving chloroform, by im- 
peding a free supply of air, and failing to regulate the 
latter to the proportion of chloroform inhaled. 



The Open Method. 

Lister thus describes the Scotch method : — A common 

towel is arranged bo as to form a square of six folds. 
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and enough chloroform is poured upon it to wet au 
area the size of a haud's pahn, the preciae quantity 
poured on not being a, matter of any consequence. 
The patient iu instructed to close his eyes to protect 
them from tlie irritating vapour, and the towel is tben 
held fls near to tho face as can be borne without incon- 
venience. More chloroform is added from time to time 
as occasion requires. 

A piece of ordinary lint 20 inches square and folded 
in four so that the fluffy side is inwardw, serves weU for 
the exhibition of chloroform, which should be freely 
poured upon it. If necessary, a towel may be held 
outside the lint, but on no account must it be permitted 
to interfere with the patient's free respiration. 

I have found it best to commence the inhalation with 
a comparatively small quantity of chloroform upon the 
towel, especially in dealing with children. In a minute 
or so the aensibiUty to the irritating vapour is deadened, 
and the strength of the atmospliere may be increased. 
As soon as unconscious struggling appears, tiie nar- 
cotic must be pushed, as danger, such as exists dur- 
ing the stage of excitement, is dae to the muscular 
perturbation, and the sooner it is overpowered the less 
is the patient's peril. When the towel is withdrawn 
for additional chloroform it should bo quickly replaced. 
But as the vapour then given off will he increased 
in percentage amount, and as the fi'csh air entering 
the lungs during the witbdrawal of the towel may 
induce a deeper inspiration, it is well to keep it 
a trifle farther from the face for a minnte or so. 
Throughout chloroformisation the respiration must be 
•^onHaidly watched, both by regarding the regularity of 
'ihe ihytbm of the thoracic movements, and by testing 



r 
I 



AHXSTSSTICS. 

'iha amoant of air passing from the tracbea. Thoracic 
movemeuta persist for some minutea after occlusion of 
the larynx or trachea, and so by themselvea are no just 
criteriou tliat enfiScieut air ia ejitering the lungs. The 
pulee should be observed, for not only may the heart 
fail from chloroform depression, but from lifemorrhage, 
shock, fear, ic. When the eslgenciea of the operation 
allow it, the head should be quite low, supported 
by one small pillow. This arrangement should be 
made after the first etage of narcosis, because patients 
while conuciouB like to have their heads pretty high. 
Fitness for operation is to be judged by the loss of con- 
junctival reflex. To ascertain this, the eyelids are 
gently opened, and the ciha lightly touched with the 
palm of the forefinger ; should no blinking occur, the 
operation may be commenced. To this rule, children 
and hysterical females form exceptions. They will often 
permit this test without flincliing, but will evince lively 
evidence of consciousness if the unwary administrator 
permits surgical manipulation to proceed. The deep, 
almost stertorous breathing, the muscular rigidity or 
complete flaccidity of muscles, will in these cases help 
out tlie diagnosis. On the other hand, I have observed 
in some persons, especially if afBicted with conjuno- 
tivai or ocular disease, that the conjunctival reflex 
persists for some time after complete aniesthesia haa 
supervened. The size and mobility of the pupils, al- 
though somewhat uncertain in their indications, shonld 
yet be observed. In surgical anasthesia by chloroform 
they are of normal size and usually sensitive to light, 
dilating however during emergence from narcosis, and 
especially before vomiting is imminent. But sudden 
dilatation also occurs when the patient haa taken an 
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over-dose and the heart is dangerously depreased. To 
dietiagutah between these ett^tea needs the utmost 
caution. In the last condition deep narooaia and its 
Bigne will exist, the pulae will be almost imperceptible, 
and the respiration hampered; while in the firwt, the 
patient will give unmisfcakeable signs of returning 
con scion an ess, which may be accompanied by a flag- 
giug pulse. When dilatation of the pupil results from 
over-dosage, measures to effect restoration must at 
once be apphed, but when due to returning eonscioua- 
ness, a fresh supply of chloroform will prevent vomit- 
ing, steady the pulse, and cause the pupils to return to 
their normal size. This must be done boldly hut very 
warily. If the patient, in spite of all efforts to prevent 
him, should vomit, and especially if it he known that he 
has partaken of solid food within the last two or three 
hours, the head must be turned aside and free egress 
given to the vomited matter, and if necessary the 
mouth must be cleared with the finger. The danger 
to he avoided in this contingency is, lest the vomit be 
sucked back into the larynx when the patient makes 
the strong inspiration which always follows vomiting. 

When the dilated pupil signals heart failure and 
cessation of respiration, all the signs of increasing and 
profoimd narcosis are present, and then it is that the 
chloroform must be removed and efforts promptly made 
to restore consciousness and stimulate reaction (see 
Treatment of Comphcationa under Chloroform). 

During the progress of the operation, attention should 
be paid to the condition of the pupil as above noticed, 
and to the pulse and respiration. 

Although heart failure may occur at any time during 
chloroformisatioD, it Ib more liable to do so quite at 
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the commencement: ; "while more danger a 
qnently from failure of respiration through accumu- 
lation of chloroform in the Llood, and paralysis of the 
medullary centres. Weak pulse and shallow irregular 
breathing may indicate over-dosnge, and then the 
amount of chloroform given must be diminished. The 
colour of the patient's face, lips, and ears, is & valuable 
guide to his condition ; lividity, cyanosis and pallor, 
are all indications that danger is present. The opera- 
tion completed, the patient should atJU be carefully 
watched nutti he has recovered consciousness sufB- 
ciently to prevent accidents, e.g.. dropping back of the 
tongue, vomiting, &o. If possible, it is best to allow 
him to sleep off the effects of chloroform, and it is 
always a mistake, unless there be some very good 
reason, to arouse a chloroform patient from his doze by 
loud speaking, shaking, putting water on his face, &e. 
Snch procedure often induces vomiting and headache. 

Exception has been taken to the open method upon 
the ground that it is impossible to regulate the amount 
of chloroform inhaled and so to obtain a definite per- 
centage vapour ; also because so much vapour escapes 
from tlie surface of the towel into the room and pre- 
judicially affects onlookers. Dealing with these objec- 
tions, Sir Joseph Lister has found after careful and 
ingenious experimentation that only sufficient chloro- 
form escapes from the lower surface of the towel to 
constitute, when mixed freely with the circulating air, 
an atmosphere of 4-5 per cent., and of this only a por- 
tion wouid enter the patient's lungs. He further be- 
lieves that inspiration does not affect the rate with 
which evaporation occurs. Of course these statements 
are only true as long as the open method is conducted 
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etrictly, and with every precaution given ia tUe pre- 
ceding sections. 

Sii' Joseph Lister Bnggesta the following simple way 
of devising a chloroform mask : the corner of a towel 
parsed up systematically into a concave mask to cover 
the mouth and nose by pinching it together at such a 
distance from the corner that when the piuched up 
part ia held over the root of the nose, the corner es- 
teuds freely to the point of the chin. " The cap formed 
in this manner being so arranged upon the face, chloro- 
form is gradually dropped upon it till the greater part 
of it is soaked, the edges being left dry to avoid irrita- 
tion of the skin by the hquid, and the moist condition is 
maintained by frequent dropping on the convex surface 
until the requisite physiological effects are produced." 

Hypodermic injections of chloroform have been sug- 
gested as a means of producing aniesthesia, but 
(Dujardin-Beaunietz) they fail to induce general nar- 
cosis while affecting some local anesthesia. This 
method ia not free from danger as (Bouchard and 
Laborde) it has been shown that albuminuria and death 
have in the lower animals resulted from its use. 



Mbthod of Definfie Mixtures, 
Clover was one of the first to insist upon the import- 
ance of using detinite mixtures of chloroform vapour in 
air, and his apparatus described above was an attempt 
to bring the method within the range of practical antea- 
thetics, P. Bert, however, studied the subject from the 
experimental side, and we owe to him much of our 
knowledge upon the matter. Although successfully 
eroployed by Poan, the method requires too cumber- 
some an apparatus to be used save in hospitals. 
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BTiicope.— Fdilure of the heart may ocear qaite at 
Uie commeucement of the admiaistratioa, that is, after 
two or three iaapiratioDs of chloroform vapour, or it 
may anpervene much later — in the third stage. In the 
primary atu^e, syncope has beeu variously acconnted 
for ; it han been attributed to reflex inhibition of the 
heart excited by terror, or by the irritation by the 
chloroform vapour of the sensory nerves of the 
pharyn);o- laryngeal mucous membrane and pnlmonary 
tract ; or to an individual obnosiousuesa to chloroform 
vaguely called the chloroform idiosyncrasy. Cases have 
been recorded of sudden death, provoked by fear, in 
pertions about to be operated upon, who have either 
taken no aufestlietic or have imagined, erroneously, 
they were being chloroformed, while in reality they 
were inlialiun eim-de-Cologne, or an equally innocaouB 
substance. It is unquestionably highly important that 
all perturbing causes provocative of fear, such as loud 
and technical talking descriptive of the horrors of the 
Operation, should in the patient's presence be carefully 
avoided. No movement, such as uncovering the dis- 
ensed area, suggestive of the commencement of the 
operation, should be permitted until unconsciousness is 
well establialied. Fear and trepidation must always be 
met hy kindly re-assurance, while haste and brusque 
handling must be studiously avoided. Notliiitg can be 
more prone to produce fatal syncope than the com- 
mencement of the operation before complete anffisthesia 
has been induced, for here we have a lowering of the 
vital functions caused by chloroform, and the shock 



TBEITKKNT OF OOKPLIOiTlOSB. 128 

of cutting the ekin, especially over a sensitive area, 
communicated along sensory nerves whose conduction 
ie not yet in abeyance. Eecorde of death under these 
circumstances (incomplete anffisthesia), show how often 
the fatality arises in cases when trivial, although pain- 
ful operations, such as reduction of dislocated limbs, 
circumcisions, &c,, are performed. Under these cir- 
cumstances, too, it must be remembered that the heart 
is peculiarly liable to reflex inhibition, as vasomotor 
paralysis occurs antecedently to loss of conduction 
■ along the sensory tracts of the nerves and cord. 

Symptoms — Fluttering feeble pulse, sudden stop- 
page of the heart, extreme and ghastly pallor, with 
blueuess of the ears and finger-tips, wide sudden dila- 
tation of the pupils, and cessation of respiratory move- 
ment, usher in this syncope. There is little or no 
warning of the onset of this heart failure, nor can the 
most careful preliminary examination give an indica- 
tion of cases in which it is likely to occur. Persons the 
subjects of fatty degeneration ot the heart, of aortic or 
advanced mitral disease, are of course always liable to 
syncope, but the robust and vigorous incur a like risk, 
aud are frequently the victims of syncope occurring in 
the initial stage of taking chloroform. Syncope arising 
at other stages of chloroform narcosis commonly givea 
more warning ; there is a gradual faihng of the heart, 
evidenced by weakened aud often intermittent pulse, 
pallor and cyanosis, cessation of haemorrhage, aud dila- 
tation of the pupils. 

Treatment. ^Chloroform must be at once removed, 
the table tilted so that the head lies at a lower level 
than the feet, and when possible, the legs should be 
raised, so assisting a return of blood to the heart. 
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Complete inverGion of the patient as practiEed by 
N^laton is certainly the moat important remedial 
measute we possess, but Bbould never be employed 
when asphyxial complication b co-exist with tlie Byn- 
cope. The reRpiration, which will liave ceased coase- 
qnently upou the cessation of the heart's action, mast 
be kept up by the artificial methods of Howard and 
Sylveeter (see Chap. X,). When the thorax is 
grasped in expiration, it is well to slip the hand under 
the costal border on the left side, and so mechanically 
excite tlie heart. The chest and throat bared of all 
clothing, should be slapped with a towel wetted in cold 
water, and freah air from an open window allowed free 
access to the patient. The injection of brandy in hot 
beef tea by the rectum, and hypodermic injection of 
ether, or failing that, whiskey, especially over thg 
prfficordium, should be promptly tried. 

The inhalation of nitrite of amyl is vannted as a 
specific, and certainly in cases of syncope occurring late 
in narcoHJa, or after an operation when much blood- 
loBB has occurred, I have seen it do good. The most 
convenient way of using the drug is to smash a Tuiij. 
glass capsule and hold It beneath the patient's nose, 
takiug care that artificial respiration is maintained so 
as to ensure the due entrance of the fumes into the 

Among other measures advocated for counteracting 
this syncope must he mentioned electrical Btlmula- 
tlon of the heart, and acupuncture of that viscus. 

One electrode is placed over the neck behind the 
sternomastoid at about the juncture of its lower and 
middle thirds, while the otlier is wiped over the pra- 
cordium. I am not prepared to say that this step ia 
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iiot more likely to produce inhibition than escitfttiou 
of the heart musde ; by stimulatuig the diaphragni 
to contraction, it may possibly aid respiration. Acu- 
puncture of the ventricle with a gold ueeclle is be- 
lieved to act by exciting that viscus to contract through 
direct mechanical stimulation. 

Syncope arising late in the course of an exhauBting 
operation must be met by the above methods of treat- 
ment, and aa soon as the patient his rallied sufficiently 
to be able to swallow, brandy must bo rubbed over 
tongue and gums, and when capable, the patient should 
swallow sips ot bramly in hot strong beef tea, while 
sinapisms are applied over the priBcordium, epigastrium, 
and calves of the legs. The head must be kept low, and 
any attempt at sitting up interdicted. Reaction must 
also be aided by hot water bottles applied to the feet 
and sides, and the flow of venous blood be promoted by 
firm rubbing of the limbs from the feet and bauds 
towards the trunk. Inversion of the body, so that the 
feet are in the air, is often of signal service in extreme 
oases of cardiac weakness, when there is no reason to 
believe that the right heart ia engorged. 



iM Cessation op Eespiba-TIOS. 

Tliis may result from (1) Mechanical, (2) Vital 
Causes. 

Mechanical. — Sir Joseph Lister has shown that 
one of the most usual and dangerous accidents which 
occur under chloroform ia occlusion of the larynx by 
the folding together of the arytffino-epiglottidean folds 
BO that their posterior portions approximate, and, by 



closing upon the base of the epiglottis, prevent any 
entrance of air. This accident is usiialiy evidenoed by 
stertor and irregular respiratory movemeots, but it may 
Bnpervene without any such warning, and as the chest 
movements continue may be overlooked. If permitted 
togo unrelieved, the impeded breathing reacts unfavour- 
ably npon the heart, already depressed by the chloro- 
form ; cardiac rhythm is impaired or checked, and the 
ghastly aspect of the patient draws attention to his 
danger. 

Treatment.— By seizing the tongue with forceps, 
(Lister employs ordinary artery forceps for this pur- 
pose), and dragging it somewhat forcibly out of the 
mouth, the obstructing portions of the arytteno-epiglot- 
tidean folds are caused to recede from the epiglottis, 
and so leave a free air-passage. This manceuvre acts, 
it is believed, reflexly, and not merely mechanically. 

The Tongue may foil back and so occlude the 
laryngeal opening. When the patient is deeply under 
the aniesthetic, the hyoid bone drops and the tongue is 
carried back so as to close the laryngeal chink. The air 
is thus prevented from entering, as every inspiratory 
effort only sucks back the epiglottis, which acta as a 
valve permitting some expiration but no inlet of air. 
The thoracic movements continue even when this acci- 
dent effectually prevents the entrance of air. Usually, 
but not always, snoring stertor is present under these 
circumstances. 

The signs of asphyxia soon reveal themselves, the 
face becoming dusky, then blue, and finally a mottled 
black, the pulse weakens, and unless promptly reheved, 
the patient dies. 

Treatment. — To prevent this accident, the chloro- 
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formiBt should keep a finger beneath tlie patieut's chin 
so as to check falling down of the hyoid bone. To 
remedy the danger, it is necesBary to pull forcibly for- 
ward the tongue, uaiug forceps, and turning the head 
to one side, so that the weight of the organ uhall not 
carry it baokward. If the accident has not beeu noticed 
until respiration has ceased, it will be necessary besides 
the directions given above, to perform artificial respira- 
tion ; bat usually forcibly compressing the thorax once 
or twice is all that is needed. 

MucuB sometimes collects over the upper opening 
of the larynx, aud in persons whose respiratory efforts 
are not vigorous, may cause suffocation. Insufficient 
air exchange leads to signs of asphyxia more or less 
pronounced, the moat striking of which is the pro- 
gressive duskiness of hue, la this case the tliroat 
Bhould be sponged out and the chin jerked up, a raan- 
eeuvre often sufficient to dislodge the pellet of mucus 
and restore normal respiration. 



Enibance of FoRBioN Bodies into the Larynx or 
Teachea, 

Teeth, natural or artificial, portions of bone, blood 
clot, massea of new growth, gags, sponges, are hable 
to drop back and enter the air-passages, or become 
jammed in the ceaopbagus and so provoke asphyxia by 
mechanical pressure. Small or soft substances which 
enter the larynx may set np spasm and so prevent pas- 
sage of air, or they may pass into the trachea, with 
the same result. When suEFocation can be attributed 
to this cause its relief must at once be obtained by per- 
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forming tracheotomy, and by sucking out blood, clots, 
masseB of growtb, ftc.** 

It ia in all cases necessary to examine the buccal 
cavity, and if any foreign body be found loose it must 
be duly removed by the fingers or forceps, 

laverBJon is also of value in cases where it ia feared 
that blood has entered the windpipe. After trache- 
otomy, sucking tbe tube is uselully supplemented by 
inversion. 

lusiifBrttion of the lungs by means of & catheter 
passed through tlie larynx has been recommended, but 
it would appear less ed^ectual than tracheotomy and 
artificial respiration, aided when need be by sucking 
out blood or mucus from tbe trncbeal openiug. 

Vital. — Aspbysia may result from over-dosage ; the 
respiratory centre becomes paralysed, tbe movements of 
respiration grow more and more shallow, and at last 
cease. The heart ceases to beat a few seconds after 
breathing has stopped. 

Treatment.— Artificial respiration must at once be 
practised. 

Epileptic Fits may be provoked by chloroform in 
persons subject to such seizures ; tbey usuaDy appear 
in the third stage of narcosis. 

Hysterical seizureB also occur, but they usually 
appear in the secoud stage. 

• A.n instructive case oconrred under m; aharge st UniiorBitT 
OoUfge HoBpital. A man from whom the upper jaw had been re- 
moied bj Mr. Eeath wai onder operation for a recurrence of epithe- 
liotOBtona growth, when hia reapiration poddenly hacaine hampBred, 
and Bigna of impending auffucation appeared. Tracheofomy waa 
promptly performed, the tabo suckfcd, and aeveral amall maseea of 
tbe growth withdrawn from the windpipe in thia way. The man'i 
breathing was reetorud and the operation wag completed. 
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The treatment is Bimply that of preventing the 
patients from injuring themselves. 
(See also Chapter on Accidents of A 
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Vomiting. — By attentiou to the directions given 
above (Chap. 11.). vomiting is rendered leaa liable to 
occur. The following farther directions, if duly carried 
out, will tend to the same end. If bilious plethorio 
persons have their bowels well cleared before taking 
chloroform they arc less liable to eicltnesa. The 
patient's head should bd kept quite low ; he should not 
be moved from, the operating table for haK an hour 
after coming to himself, and then the utmost care must 
be taken to prevent ijis being shaken or his head raised. 

Opium should not be given by the mouth ; and unless 
there is obvious and urgent shock, brandy, ether, and 
sal volatile must be withheld. No food must be allowed, 
whether liquid or solid, for at least three hours after 
chloroforming, and then nothing warm should be taken 
until all nausea has vanished. Meat jelly, bread boiled 
in milk, to which a pincli of bicarbonate of soda is 
added, or sponge cakes soaked in a Kght dry sherry, 
may be permitted after this time ; tea, coffee, soaked 
toast, may be tried, but all indigestible or soUd food 
should be denied until the following day. 

(For the medical treatment see After-effeots of Ether, 
Chap. IVO. 

Hysteria. —Fits of hysterics are sometimes excited 
in the neurotic, by chloroformisation ; no specific treat- 
ment need be adopted. These attacks seldom last more 
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than tlireeor four hours, (tnd kIiouM cnuae no alarm. 
They may occur in either sex. 
Jaundice and general biliary derangement 

in some instarioea follow chloroform administration. 
They should be troated upon general principles, and 
need give rise to no alarm. 

Albuminuria and glycosuria of a transient and 
unimportant character may iu rare cases follow the nee 
of the drug. 

Astigmatism, giviug rise to fear leat the sight be 
permanently injured, has been noticed, bat it is doubt- 
ful how far we shoald attribute this condition to chloro- 

Insanity may, in very rare cases, follow chloro- 
formisation of predisposed persons (Savage). (See 
Medico-Legal Aspects of Ausestheaia, Chap. XII.). 

Effects op Bbpeated Inhaiations, — Paul Bert made 
a careful study of the effects of daily administration of 
chloroform for a definite time. His researches were 
made on dogs. After gradual failure of health, these 
creatures died on the 32nd day with well marked wast- 
ing of their organs and muscles, and fatty changes in 
the liver. According to Regnault and Dubois (Dastre) 
workers constantly exposed to the fumes of chloroform 
suffer from insomnia, neuralgic and rheumatic pains, 
with marked physical and mental depression. 




CHAPTER VI. 

Less Commom.y Used Anesthetics. 

Amylene — Ethidenb Diccloride — Bromide of Ethyl. 

AaVLEKE. 

AuvLSNE (CjHio), a translucent, colourless, thin, mo- 
bile liquid, possessed of an odour whieli is midway 
between cliloroform and ether in pungency, was dis- 
covered by Balard in 1844. It baa a sp. gr, of "65491 
boils about 102° F. {38'8 C.} (Watts), although the boil- 
ing point varies somewhat : it burns with a luminona 
white flame. Hardly soluble in water, it is freely so in 
alcohol and ether. When mixed with air it explodes 
on heating, and therefore should not he used in near 
proximity to flame. 

Preparation.— Zinc chloride in concentrated solu- 
tion is heated with amylic alcohol to 266° F., diBtilled 
from a water-hath over caustic potash and afterwards 
rectified. 

Fbyslo logical action. — Snow made some experi- 
meuts with this substance, and found small aoimals 
required a 10 per cent, vapour before losing conscioaa- 
ness, that 20 per cent, produced deep inaensibihty, while 
26 per cent, could be respired with perfect safety. With 
10 per cent, the " second stage " of aneesthesia is pro- 
duced, i.e., the meutal faculties without being ane- 
pended are impaired ; occasionally patients remember 




what occurs dormg this period, sad partial amesthesia 
exists. Snow sUted that " over-nareotiEo of tlie heart 
witb paralysis of its muscle " coold be attained with 
atDjleue, bnt that sadden death trom this caose iraa 
leas liable to occur than with chloroform. He foniid 
also that 40 per cent, of amjlene would be req^nired to 
eSect ench a mode of death. 

lo 1856, Snow employed amylene to prodace general 
BDtesthesia. He found it occasioned little or no sick- 
ness. The anastheaia appeared with great rapidity, 
sometimes before consciousness was lost ; the recovery 
was speedy and nsually unaccompanied by headache, 
giddiness, or other unpleasant symptoms. Dr. Snow 
did not push the narcotism far euongh to indnce coma ; 
in moat of hia patients the ciliary reflex persisted (thns 
contrasting with the effects of chloroform). The in- 
duction of narcosis by tliis agent is tranquil. Save in 
exceptional cases amylene produces complete muscular 
relaxation. The pulae ia increaaed in frequency, espe- 
cially during the earlier stage of amylene narcosis. He- 
spiration is quickened as under ether. The pupils re- 
main of natural size, unless the nnEesthetie he pushed, 
when they dilate. The face flushes and sometimes 
perspiration hursts out, hut the saUvary and bronchial 
secretions are not augmented, A tendency to hilarity 
evinces itself in some peraous just as they are passing 
into the second stage. Mental excitement ia usually 
absent. Rigidity and struggUng seldom occur under 
amylene, a fact which Snow believed was due to the 
slighter degree of narcosis needed to induce anffistheaia 
when that substance was employed. The great volatOity 
{great aa other), and the slight solubility of amylene, 
make its liboratiou from the blood very rapid ; hence 



recovery from tha effocta of the drug takes place with 
great celerity. In Bome persons laughter and singing 
are provoked, but these phenomena usually pass off if 
the amylene be withheld for one or two inspirations. 
The Glasgow Commiasioo failed to obtain satisfactory 
anfesthesia with amylene. More recently this substance 
haa been used in Germany under the name of Pental 
with, it would seem, encouraging result^. 

Mode of administration. — Tiie vapour of amy- 
lene must be of such a eti-eugth as to induce anffiBthcsia 
in three minutes ; if a weaker vapour be nsed, no 
matter how long it is persevered with, it will fail to 
produce an effect. Snow employed the same inhaler 
as for chloroform (see p. 111). The patient once well 
under, Snow re-applied the inhaler every half minute, 
otherwise he found consciouBnesB returned. Amylene 
may be given in a cone, or by the oiien method ; the 
last, however, is not well adapted for its exhibition, on 
account of its extreme volatility. 

Snow, suggested the dosimetric system for amylene. 

After-effects and dangers — Snow found the 
after-effects were fewer and less severe than those subse- 
quent to chloroform or ether. Sickness occurred twice 
only out of 238 cases ; headache was shght and transi- 
ent ; hysterical symptoms were shown by a few women. 

Two deaths occurred in Snow's practice, the 144th 
and the 238th cases, and were attributed by him to the 
patients inhaling too atroug a vapour (30 per cent ) of 
amylene. In Snow's opinion the variation of the boil- 
ing point in different specimens fully accounts for these 
unhappy fatahties. Thudichum asserts that the sam- 
ples employed by Snow in these cases really contained 
no amylene, but only intermediate hyclrocarbons. 
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Treatment. —The steps requiaite to avert STich 
accidents aro similar to those described under " Acci- 
dents during tlie admiuistration of chloroform," 



Ethidene Chloride. 

Ethidene Chbrido (ethidene dichloride), more pro- 
perly ethilidene cliloride, CaH,Clj, haa a sp. gr, 1-189, 
and boils at about 136'4'' F. (58° C.)> (sp. gr. 1-182 
and E.P, 59° G. Dastre) ; this boiling point ia not, 
however, uniform. It was first prepared by Regnault 
by the action of chlorine upon chloride of ethyl. Clover 
used samples with a sp. gr. of 1-225 and B.P. 239° P, 
(115° C). According to Watts, it is identical with 
mono chlorinated chloride of ethyl, CjHjCl.Cl, which 
pOHsessee a boilhig point of 64° C. and a sp, gr. l-17i 
at 17° C. It is a colourless transparent oily Suid, 
tasting and smelhng hie chloroform. It is prepared 
from aldehyde by acting upon it with pentachloride of 
I)hoBphorus. It is also formed as a hye-prodnct in the 
preparation of chloral, and separated by distillation 
and Bubaequeut fractionation. Insoluble in water, it is 
freely taken up by alcohol, chloroform, ether, and oils. 
It is less inflammable than chloroform. It is difficult 
to preserve, as in contact with air it rapidly decomposes 
and becomes acid in reaction and useless for anfflsthetic 
purposes. 

Dr. Snow was the first to employ this aniEsthetio in 
England (June 20th, 1851), and it was subsequently 
used extensively by Clover, who I beUevc, until tlie 
time of his death, entertained a very high opinion of it. 
In Germany, Liebreich, Langenbeck, Sauer, and Steffen, 
have used it and published records of cases. 



135 

Physiological action.— The Committee of the 
British. Medical Association carefully worked out tliia 
subject. 

Frogs compelled to iohale the vapour become rapidly 
narcotised (4 minutes), Their hearts, howeve", heat on 
unaffected for twenty-Ris minutes. 

Warm-blooded animals speedily passed under the in- 
fluBuce of tbis ether (4 minutes), and remained nar- 
cotised without the failure of the heart. Being exposed 
and watched while artificial respiration was maintained, 
the heart showed some slowing, but without any mate- 
rial weakening. In an es-periment made to compare 
ethidene with chloroform, a dog was narcotised with 
ethidene and the cardiac movements studied. While 
under this agent no interference with the rhythm was 
observed ; when, however, chloroform was substituted, 
the right heart grew distended and dark, and rapid 
depreciation of cardiac force occurred. The Committee 
concluded ''practically a dog will live for a lengthened 
period in a state of complete aniesthesia under the in- 
fluence of ethidene dichloride, whilst it will die in a 
short time when chloroform is used." 

Blood- pressure is shghtly lowered by ethidene, the 
lowering taking place quite gradually, but after a wbOe 
a partial recovery occurs, which is assumed to be due 
to the heart accommodating itself to the infiucnce of 
the narcotic. 

Respiration is slowed and may become spasmodic 
and jerky, persisting even when the heart has percep- 
tibly ceased to beat. 

Upon human beings, ethidene exercises the following 
effects : — At first a pleasurable glow extends over the 
whole body, then within a minute or two the senses are 



r 



186 AK ESTHETIC B. 

confused, and often singiug or wliistling is induced. 
Bome musuulor itgidit}' tbeu appears and aniestLeeia 
follows. PiitieiitB take a longer time to recover con- 
BciouBuess tlian wbeu chloroform is used, but they ex- 
perience fewer after-effects. Thus, as soon as they 
come to, tliey can stand or walk (Clover) and are aMe 
to express tliemaelves with cleaineas. Ko headaclie 
actually follows, vomiting is preaeut after about one- 
third of the caeeB of major, and one- twentieth of minor, 
operations. This vomiting is less severe than t!iat 
■which follows chloroform and docs not persist so Ion?. 

There is sometimes a little convulsive twitching. 
Asthe patieut passes into unconsciousness, his breath- 
ing growB stertorous and lua pupils dilate, but if air he 
now admitted, the stertor will pass off and the pupils 
reBume their normal size. The pulse is hable to £ag 
under ethldene, and hsLce caution la needed in its em- 
ployment. In the fatal cases recorded, the patient died 
from heart lailure, the myocardium being pathologically 
fatty. 

Blethods of administration.— Mr. Clover, wlio 
gave ethidene 1877 times with but one death, recom- 
mended administrators to commence the inhalation 
with nitrous oxide, and then to prolong amesthesia by 
ethidene contained in his ether inhaler. Of course the 
initiation with gas is matter of choice. When given 
lirom an ether inhaler (see article, Ether) the anicsthetio 
should be pushed until after the stage of strugghng 
passed subsequently it bhould be given far more spar- 
ingly, the inhaler being lifted from the face every third 
or fourth inspiration ioi tho admission of fresh air. 
The patient beLomet aussthetiDed in three to five min- 
iites. Ddatation of the pupil and stertor are signs 
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indicative of the necessity of reducing the amount of 
aniBBthetic given. The Glasgow Committee gave ethi- 
dene by the open method upon a toweh 

Ethidene is also given through Junker's inhaler, or 
Snow's chloroform inhaler may be substituted. 

AccidentB and after-effects — These are similar 
in kind to those treated under the article Chloroform, 
to which the reader is referred, (see also Accidents of 
AnEeethesia, Chap. X.). 

At least two deaths have occurred during the use of 
thiti antesthotio. 



HYnBOBRojnc Ethbe. 

Hydrobromic ether (bromide of ethyl) C,H(|Br, sp, gr, 
1-4733, boils at 104" P. (40-7° C). It is a colourlees 
translucent hqaid, with a neutral reaction, ethereal 
smell, and a pungeut sweet taste with a somewhat 
burning after-fiavour. It is ignited with difficulty, and 
burns with a green, smokeless Bame emitting an odour 
of hydrobromic acid (Lowig). It is prepared by dis- 
tilhng alcohol (ethyhc) with either bromine, hydro- 
bromio acid or bromide of phosphorus. It is only 
shghtly soluble ia water, but freely so in ether or 
alcohol. Serullas discovered this substance in 1827, 
but to Nunneley, of Leeda, we are indebted for its re- 
cognition as an aniesthetic (1840). 

It was again brought into notice in 1805 by Nunneley, 
but eventually he gave up its use mainly owing to the 
extreme difficulty of obtuming it pure and on account of 
its great cost. Dr. Siluh'e gave the results of his ex- 
perience of its use in 1881, and Dr. B. W. Richardson, a 
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Btannch supporter of this agent, wrote (^Atelspiad, 1865) 
favourably of its olaims, and urged that pure aamples 
were free from the dangers which arisB with the com- 
mercial bromide. 

Fhyalologlcal action. — Ealuteau has made care- 
ful researches upon the sabject. Seeds not germiaating 
are uuaffected by it but do not germinate ; plants die 
when placed in its atmosphere after a very short ex- 
posure. Frogs become deeply auiesthetiBed when im. 
mersed in watery solution a. Upon hiimau beings 
it produces unconsciousness and anesthesia in one 
minute, and complete muscular relaxation in two or 
three minutes. No sufTocatiou or laryngeal irritation 
appears to exist, although there is much congestion of 
the head and neclt, and an increased secretion of 
mucus which may give trouble. The breathing is 
quickened, the pulse accelerated, and the heart's action 
somewhat weakened. The pupils dOate. Eeturn to 
cousciousness after withdrawal of the ether is very 
prompt. Vomiting is said to occur frequently during 
the administration, and even to continue for some Lours 
succeeding. 

Blood- pressure, according to M'ood, is slightly re- 
duced by small, and very considerably by large, quanti- 
ties. Where death ensues it is due to cardiac failure 
(Wolff and Lee) ; but these statements are denied by 
some observers. Ott believes ethyl bromide kills by 
direct action upon the respiratory centre, and does so 
whether injected suhcutaneously or inhaled. The heart 
failure, he tliiuks, is secondary to the respiratory trouble. 

method of administration. — Ethyl bromide 
must be given like ethyl oxide (Sulphuric Ether), 
air being excluded. Tumbull, who has made careful 



Btudy of tbia substance, iHBists upon tlie necessity 
of quickly getting the patient under the influence 
of the vapour. An AUia's inhaler answers very well, 
or an Ormaby's apparatus. The inhalation must he 
stopped when palatine etertor or loss of conjunctival 
reflex occurs (Silk). There is said to be less struggling 
than with ether, hut violent struggling certainly does 
in some instances take place. Owing to the great 
rapidity with which consciousness returns, extrenae 
attention is needed on the part of an anesthetist to 
maintain narcosis. The respiration and pulse require 
watching throughout the administrution. No prolonged 
operation must be attempted under ethyl bromide, 
forty minutes being the limit of time during which it 
may be safely administered. 

Cases sdit4ble for Ethyi, BnoMinB. 



Short operations and those of minor sur- 
gery. — In dental operations the rapidity with which 
the patient shakes off narcosis renders ethyl bromide of 
little more value than nitrous oxide, while Jt would not 
seem to equal it in safety. The use of this substance 
in dental practice has recently been strongly advocated 
in Germany, and Dr. SUk using it in the Dental Depart- 
ment of Guy's Hospital speaks favourably of it. The 
frequency of more or less unpleasant after-efi^ects which 
he states occurred among his patients would seem to 
detract from its value in this branch of surgery. In 
obstetric practice it is said by Dr Laurence Tumbnll to 
be of the utmost utility, since it rapidly iuduces uncon- 
Bciousncss and the patient as speedily regains her 
senses. It must not be forgotten, however, that when 



bromide of etbyl is given in small doses, much mnfl- 
cular spasm results, which is not desirable in accouche- 
ments. 

Dangers resulting from the use of Hydro- 
bromic Ether. — Eicbardson, entertaining a very 
high opinion of ethyl bromide as an anasEthetic, denies 
that fatahties have followed its employment. Eight 
deaths are stated to have resulted from its administra- 
tion, but some of these were in reality due to imporitieB 
contained in the sample used. Daetre points out Uiat 
pure hydrohtomic ether has a sweet ethereal smell, but 
when impure the odour is most uuplensant. According 
to Dr. Laurence Turnbull, most of the ethyl bromide 
sold is impure, containing free bromine, carbon bromide 
(CaBfi), phoBphorua, and hromoform. Further, this 
substance is very unstable and readily deeomposea, 
hberatiug free bromine. The presence of these bodies 
renders the impure ethyl bromide singularly daugeroua, 
and until we can be sure of the purity of any given 
sample I think we are scai'cely justified in its use for 
an£BBthetic purposes. 



Complications. 

Muscular spasni may be so pronounced as to 
interfere with respiration. 

Excitement instead of insenaibiUty may appear. 

Persistent vomiting has been recorded as follow- 
ing its employment. Persistent nausea also occurs 
even when vomiting does not occur. 

Heart failure may occur. Various degrees of 
faintneaa and collapse not infreg^nently follow its use 
(Silk). 
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In no case is it safe to continue the administration 
of this anaesthetic for more than forty minutes. (Dr. 
Laurence TurnbuU). 

Treatment. — The directions given elsewhere (Chap. 
X.) apply to the recovery of the apparently dead from 
ethyl bromide. Thus, artificial respiration must be re- 
sorted to at once, and the mouth and pharynx cleared 
of secretion without delay. 

Amyl nitrite may be tried. 



ANilSTHETICS. 



CHAPTER VII. 

Anjesthbtio MisTnKBS. 



These are of two classes :— 1. Admisturea of members 
of the ftloobol or ethereal series, 2. AJcoliolie or 
ethereal anKsthetica with alkaloids or other bodies. 

The following are the heat kuown and most useful 
members of the first class ; — 

The A. C. E. Mixtdrk.^ Com pound of 1 part alcohol, 
ap. gr. -888, 2 parta chloroform, sp. gr. 1-497, and S 
parts ether, sp. gr. "735. 

The Vienna MiSTOttB, — 1 part of chloroform to 3 of 
ether. 

The MisTUKB recommeuded by Linhabt : 1 part alco- 
hol, 4 chloroform. 

Methylene. — Methylic alcohol 30 per cent, and 70 
per cent, chloroform (Eegnauld and Villejean). 

BiLLBOTH'a MixTURK. — 3 parts chloroform, 1 each of 
alcohol and other. 

Tbe a. C. Ei. mixture, which was originally pro- 
posed by Dr. George Harley, is strongly recommended 
by the Aniesthetic Committee of the Eoyal Medieo- 
Cliirurgical Society of London. They speak of its 
action as midway between that of chloroform and ether. 
It has been largely used in Englaud, and although not 
without objections, is a good substitute in many oasea 
when ether cannot he taken. The main drawback to 
the employment of this and all other mixtures is that 
the Bubatances employed in their formation do not 
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evaporate in the ratio in which the fluide aie laixed, 
and hence it ia impossible to be quite sure what per- 
centage vapour of chloroform ia being inhaled. To 
obviate this difficulty, EUia proposed to blend the 
vapours of alcohol, chloroform and ether, in a specially 
constructed apparatus, and so adminii^ter a true vapour 
mixture to the patient. The arrangement he used ia 
too complicated for practical purposes, and his method 
has never been received with much favour. In three 
chambers, known weights of the antesthetics were 
evaporated ; these chambers could at will be made to 
communicate with a common chamber, and from this 
the patient was aniesthetised. 

Mr. Martindalo has proposed an admirable volumetric 
mixture, the ingredients of which evaporate almost uni- 
formly. It consists of absolute alcohol, sp. gr, '795, 1 
volume, chloroform, sp. gr. 1'498, 2 volumes, pure 
etber, sp. gr. '720, 3 volumes. 

Method of employment. — This may be given in 
a Clover's ether-inhaler, a cone, or even by the open 
method. I find Allis' inhaler also answers well, and 
recently have employed Krohne's cone fitted with the 
feather respiration register (p. 116) and have found it 
very successful and pleasant to manipulate. Junker's 
inhaler, fitted with the fiannel mask, is very convenient 
for giving the A. C. E. mixture, especially to children. 
With the open method, much ether vapour escapes 
into the surrounding air, causing inconvenience and 
delay in the onset of insensibihty, and fnrtlier rendering 
the mixture relatively rich in chloroform while deficient 
in ether. No special directions are needed if the 
chapters upon chloroform and ether administration 
have been read. The fact that chloroform is present 



in the mixture makes it obligatory that plenty of air be 
allowed the patient, to effect which the cone or inhaler 
should frequently he raiaed from his face. Both re- 
spiration and puke muet be carefully noted, as fainting 
and asphysiftl troubles may occur during the employ- 
ment of the A. C. E. mixture. 

After-effects arc much the same as those of ehloi 
form or ether. Dontha have occurred during the nee 6 
the A. C. E. mixture, 

Kichardaon's tnlxtnre consists of 2 parts alcolx 
2 parts chloroform and 3 of ether. Dr. BichardBOttj 
states that this mixture worta very well, and that he 
has never lost a ease during its employment. 

The Vienna mixture (1 part chloroform, 3 of. 
ether), stated to have been employed eight thousand 
times without a casualty, may be given practically in 
the same way as ether, save that care must he taken 
that the patient shall respire fresh air at freqnent i 
tervala. 

Llnbart'B mixture is administered similarly 1 
chloroform ; the same care and watchfulness hein^B 
necessary, as most of the risks of chloroform are prfr^f 
sent with its use. 

Methylene or "bichloride of methyler 
called, but which is stated by Begnauld and Villejean 
to be merely a mixture of methylic alcohol and chloro- 
form similar to Linhart's mixture above given. Ifc 
consists of methylic alcohol 30 per cent, and chlorofoTB^^ 
70 per cent. 

The ao-called " liquid of Begnauld " consisted i 
80 per cent, chloroform, 20 per cent, methylic alcohol. 1 
The Glasgow Committee found methylene posaesaed ndl 
definite and constant boiling point, a fact furtherl 
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corroborating the assertion of the Freiicli chemists. 
It waa also pointed out by tliia committee that the 
physiological behaviour of this body was identical with 
that of chloroform, I have (ound, experimenting upon 
the frog's heart, that methylene and chloroform affect 
the heart in precisely the same way and give identical 
cardiograms. But, in explaining the diverse results at 
which various observers have arrived, we must remem- 
ber that although the boiling points of methylic alcohol 
and chloroform axe not very wide apart, yet the con- 
stituents of this mixture evaporate at varying tempera- 
tures, so that at the end of the dose pure chloroform is 
given up, while at the beginning only a small percent- 
age of it is present in the evaporating alcohol. It is 
more agreeable than ether, possessing the fragrant 
smell of chloroform. Its safety is probably only that 
of diluted chloroform, and many deaths have followed 
its use. 

Dr. Richardson, the first who introduced methylene 
into English practice, writing in the Aaclepiad (1884), 
adhered to his original statements in favour of methy- 
lene. He holds that although many samples are mere 
mixtures, yet pure bichloride of methylene is anesthe- 
tic. This is absolutely denied by the French chemists 
cited above, who state that the pure substance (bi- 
chloride of methylene) is not an ancesthetic, but a 
powerful convnlsant, and proves fatal to animals in a 
few seconds. 

Methods of employment. — Although methylene 
may be given by the open method, it is more commonly 
administered from a Junker'a inhaler (see description 
page 113). Methylene acts precisely like chloroform, 
and its use is fraught with dangers which differ not in 



kindi, but in degree, from those present when clilc 
form is need. 

Both tlie reBpiratioD and pulse must be sedulously 
watclied, and the utmost vigilance displayed to avoid 
accumulation of vapour in the lungs. With the use 
of an inhaler, it is most important to avoid pushing the 
narcosis too far. When a patient has ouce become un- 
conscious, the amount of air blown over (Junker's appa- 
ratus) should be much lessened, thus he can easily be 
kept amesthetic with a very small percentage of methy- 
lene vapour. It must, however, be borne in mind that 
methylene being diluted chloroform, the subject 
to regain consciousness somewhat more rapidly tht 
during the use of simple chloroform. 

The after-effects oE methylene are those following tlie 
use of chloroform, they are, however, often less eevere. 

Billroth's mixture (chloroform 3 parts, alcohol 
and ether each 1 part), is but little known or employed 
in England. It contains a high percentage of chloro- 
form, aud hence needs careful handling. It should be 
administered either by the open method, or if an, 
inhaler be used. Junker's or the simple fiaunel oap'. 
will answer. In either case the patient rnust be 
allowed plenty of fresh air. 

Similar dangers are imminent, and precautions 
needed, as in the administration of chloroform. 
Deaths have occurred during the use of BillrotJi' 
mixture. 
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MiXTOBB or Cklorofokm or Eiher with Alkaloids, 

Chloroform and morphine (Nus3baiim).^Nusg- 
baum, of Munich, was the first to employ this misturc 
method in Germany (1873), although Clauds Bernard 
had studied the method experimentally some years 
(1869) previously, having had occasion to give mor- 
phine to a dog recovering from chloroform. Injections 
of morphine, gr, J to ^, or in some cases more, hypo- 
dermically, half an hour before giving an inhalation of 
chloroform, are stated to possess the following advan- 
tages : — Leas chloroform is needed, while the stupor is 
more prolonged. If the morphine be given immediately 
before, it in some cases prolongs the period of excitement. 
Drunkards, and persons who show httle amenity to 
chloroform, soon pass under its influence after a dose 
of morphine. The p&tient is usually more completely 
relaxed and passive, the breathing is quieter, and it 
is stated (Kappeler) that the depressant action upon 
the heart is diminished. 

The stage of excitement is shortened, and cerebral 
circulation while under morphine ia markedly lessened, 
so that for operations involving the opening of the 
meninges and the cutting of the brain substance, this 
combination is most vtiluable. 

Excitable persons about to be auffisthetised will often 
be calmed by morphine. 

Upon the other hand, vomiting is more freciuent 
when morphine is used. Poncet, from a wide experi- 
ence during the Franco- Prussian war, abandoned the 
method, owing to the freijuency with which prolonged 
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Btapor, and dangeroiiB ilcpressiou of the temperature 
ooourred after ita ubb. 

Morphine in some pi;Diluoee great excitement, and 
this by tlie addition of chloroform may be magnified to 
a very inconvenient extent. 

When this combination is employed, it ia important to 
restrict the amount of chloroform given ; indeed when 
the patient is once fairly narcotised, very little more 
chloroform will he needed nnless the operation be a 
very prolonged one. Care must be exercised that only 
a weai vapour ia used, since the patient will talte but 
little notice of its pungency, and so one of tlie naual 
Bafegnards ia lost. Caution must also be displayed In 
employing this mixture when severe hamorrhage is 
likely to take place into the pharynx, as the patient ia 
not easily roused, and the danger of blood entering the 
lunga ia increased. 

According to Begniet there is a grave danger, due to 
the morphine lessening the elimination of the chloro- 
form and so leading to over-dosage. He lost one 
patient when this method was used, and regards it ae 
rather increasing the patient's chance of mishap from 
the chloroform. Dastre poiute out also the liahihty 
there ia to respiratory failure under its use. 

Demarquay has very justly indicated that the chief 
dangers of this method of mixed anfesthesia lie in 
want of caution in not limiting the dose ; large injec- 
tions of morphine preceding chloroform administration 
certainly have a danger of producing asphyxia through 
paralysis of the respiratory centre. 

Morphine, atropine and chloroform (Dastre and 
Morat).— It was pointed out some years ago that atro- 
pine in paralysing the vagus might he a valuable anti- 
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dote to chloroform, by preventing reflex inhibition of 
the heart through the par vagum. I have found the 
addition of gr. jjg of atropine to gr. J of morphine to 
be itn advantage, when that last allialoid is employed 
aynergetically with chloroform. 

This plan which goes by the name of the Dastre 
Morat method in France is said by its inventors to be 
safer than Nussbaum'a method. Aubert, of Lyons, 
employed it in practice and speaks well of it. The 
injection is made 15 or 80 minutes before the com- 
mencement of the operation. The mixture Dastre 
recommends is Morph. Hydroohlor. 10 eentigrm., 
Atropin. Sulph. 5 miUigrm,, Aq. destill. 10 grammes, 
one cubic centimetre or 1-5 c.c. being injected. The 
use of atropine in this way is said to lessen the after- 
sickness, and to abrogate salivation and bronchial 
secretion. 

Morphine and ether. — It has been proposed to 
exhibit morphine before ether, similarly as before 
chloroform, but the method possesses disadvantages 
in its liubility to induce prolongation of the stage of 
excitement. It may induce very violent struggling and 
increase the after -headache, prostration, and vomiting. 
Kappelar, who has experimented with this mixed 
method, states that he has completely failed in several 
cases in which he attempted to narcotize patients with 
ether subseijuently to hypodermic injections of morphine. 

It is not, however, clear whether Kappeler's results 
should be considered ([uite so absolute as his state- 
ments would lead one to suppose. Certainly in cases 
at University College Hospital in which the method 
was employed, no great strugghng or i 
was observed. 
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Chloroform and atnyl nitrite (" Chloramyl," 

Sanford). — American physicians have employed this 
inixturQ and speak well of it, and Dr. Eichardson in 
this couatry has lent it his support. 

It ia claimed tha,t chloroform, when mixed with 
nitrite of amyl, loses many of its dangers, and is more 
ngreeable to take. The proportions recommended are 
3 ij., to the pound (Sftuford), and iixxvi. to the onnce 
(L. B, Ealliet). Dr. Sanford states that unless a very 
pure sample of chloroform is obtamed the mixture is 
liable to become milky and to give nnaatisfa.itory re- 
sults. He also suggests that when the adminietration 
of the mixture is likely to be very much prolonged, that 
it is well to use less nitrite of amyl iu the latter stages 
of the operation. 

Upon the other hand, we are compelled to recogniae 
that such a mixture possesses several undeniable objec- 
tions. In the first place the sp. gr, of chloroform is 
1'497, that of nitrite of amyl, '877, so no permanent 
mixture can he maintained, a drawback which even a 
Buggestion to " shake the bottle well before use " does 
not abrogate. Again, nitrite of amyl cannot, as is 
asserted, be considered a physiological antagonist of 
chloroform, for the following reasons :— Nitrite of amyl 
lowers blood pressure by producing paralysis of either 
the muscular coatings of the vessels or of the vasomotor 
ganglia ooutrolhng them. After an initial fillip to the 
heart's action it depresses, and may if pushed even 
cause synoop?. In the lower animals after the use ot 
nitrite of amyl, the heart muscle becomes after a time 
paralysed. Further, the respiratory centre is depressed, 
whUe the motor centres in the spinal cord are para- 
It would thus appear that so far from nitrite 
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of amyl opposing the depressftnt action of eUoroform, 
it probably acts similarly, and by adding it to that nar- 
cotic we are etill more prejudicing the patient's chances 
of recovery. If it be urged that succeBsful eases of 
administration stultify any such theoretical reasoning, 
the answer lies in a consideration that, firstly, the 
combination was probably never a misture and so the 
patient inhaled chloroform and little if any of the amyl 
nitrite ; and, secondly, that just as we find very many 
persons whose hearts withstand the stress of chloroform 
depression, so many would survive the still greater 
depression of chloroform to which is added amyl nitrite. 
I cannot find records of any instances in which pro- 
longed aneesthesia was maintained by this mixture. 
In brief operations it would be at its best ; but then it 
is in lengthy operations that the depressant action of 
chloroform is to be most feared. 

Method of employment. — The method of em- 
ploying this mixture is similar to that of chloroform. 

Chloroform and chloral Tiie preliminary giv- 
ing of chloral was first suggested by Forn^ ; it is said 
to curtail the period of escitement and to produce an 
ansBsthesia comparable to that which ensues when 
morphine ie used in conjunction with chloroform. 

DOBe. — ^Ferrin used as large a dose of chloral as 
gr. 45 for adults (three grammes) before chloroforming. 

An alternative plan has been suggested, viz., to divide 
the dose, giving half by the mouth and half by ttie 
rectum. Children of course would require a macli 
smaller dose. 

I cannot think the advantages which are alleged for 
this method in any way counterbalance the dangers 
which undoubtedly attend its employment. Chloral 
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acts fio maikedl; upon the heart that it is upon that 
Bcora alone a deleterious dnig to he nsed with cliloro- 
forin. 

Daatre gives as mach as two to five grammeB of chloral 
an hour before administering the chloroform by inhala- 
tion. He explains the action of tho agenta thus : — the 
chloral behaving as an hypnotic composes the patient 
to sleep, and the tranquility and lethargy of the patient 
enable the administrator to maintain true anffisthesia 
by the use of a small quantity of chloroform. 

Other combinations of chloroform, e.g., that of Von 
Mering (Chlokoforu one volume, DiusTnYLACETAi. two 
volumes) ; that of Dr. Wachamuth (Berlin), who adds 
one-fifth part of oil of turpentine to his chloroform, 
have hardly received sufGcient trial for any authorita- 
tive opinion to be given concerning their use. Von 
Mering claims that with hia combination tliere is no 
failure of respiration or heart, aud no lowering of blood 
pressure ; while Dr. Wachsmuth states that the addi- 
tion of turpentine to chloroform doea away with any 
fear of heart failure. 

Chloral, morphine and chloroform (Tr^lat). — 
In cases in which it is desired to obtain some degree of 
analgesia without absolute loss of consciousuesa, Pro- 
feesor Tr^lat has employed & mixture of four to nine 
grammes of hydrate of chloral, twenty to forty g. 
of syrup of morphine in 120 grammes of water, 
is divided into two doecs which are swallowed at an in- 
terval of fifteen minutes (Daatre). 

"When sufficiently drowsy the patient is subjected to 
operation. In cases in which complete antesthesia is 
required, chloroform is inhaled after the patient has 
gone to Bleep Irom the doae. The method may be 
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deserving of trial in some exceptional cageB, but the 
Bame oLjections may be urged against it as apply to the 
method of Forne, 

Cocaine and chloroform (Obalinski) . — The plan 
recommended is to allow the patient to inhale chloro- 
form in the ordinary way until he is ahghtly under its 
influence, and then to inject cocaine hypodermically. 
The dose is given as two to five centigrammes of a three 
per cent, solution. It is claimed that a very small 
quantity of chloroform sufGces to effect general ausa- 
theEia, and that the after-effects, vomiting, nervous ex- 
citement, and "upset " are lesa liable to occur. It has 
also been aBserted, but I think upon insufficient evi- 
dence, that cocaine aud chloroform Eict antagonistically 
upon the heart, and hence there is leas fear of cardiao 
syncope when they are combined. The extreme un- 
certainty of cocaine and the alarming symptoms to 
which it not infrequently gives rise, should, I think, 
make one very cautious in the employment of Obalinski's 
method. 

Chloral hydrate and ether. — Eappeler used 
chloral hydrate in forty grain doses (children half this 
quantity) as a preliminary to the inhalation of ether. 
The duration of antesthesia was prolonged and the re- 
covery retarded, while vomiting, headache, and pro- 
stration, were more severe than when ether only was 
employed, 

Priestley Smith (Heath's Dictionary of Surgery, Art. 
Cataract) gives fifteen to twenty grains of chloral 
hydrate twenty minutes before administering ether, 
and finds this practice answers well in operations for 
cataract. 

A death (Lyman) has followed the use of this com- 
bination. 
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. Nitrous oxide and ether. — This combination is 
fully described under " Nitrous Oxide/* p. 41. It is 
the best method of producing geniBral anaesthesia. 
When complete unconsciousness has been attained by 
giving nitrous oxide, the duration may be prolonged 
by allowing the gas to pass through the ether ; or by 
turning off the gas altogether, the patient may be kept 
anaBsthetised by ether for a lengthened period. 

Clover's Gas and Ether Apparatus enables one to 
regulate the supply of gas or ether with a nicety and 
precision unattained by any other instrument. The 
dangers and precautions incident to this method are 
those fully described in the chapters upon Nitrous 
Oxide Gas and Ether. 
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CHAPTEB VIII. 

Anesthetics in Obstetric Pbactice. 

Wbetheb or not an aniBstliBtic eliouldbB administered 
in parturition is for the accoucbeur to decide. In 
cases which are considered suitable, it becomes the 
anffisthetiat'e duty to render his aid. 

Choice of anssthetics, stage when to be 
administered, etc. — As a mle chloroform is pre- 
ferable to ether, unless an operation is to be performed, 
or unless the patient is greatly depressed by hamor- 
rhage or shock. The A. C. E. mixture also answers 
admirably in obstetric practice. Snow advised that 
chloroform should be withheld until the os uteri was fnlly 
dilated and well marked expulsive pains had appeared. 
He, however, made an exception to this rule, when 
during an earlier stage the pains were very severs. 

Spiegelberg, in summing up the advantages of an 
auEGsthetic in obstetric surgery, says chloroform not 
only allays the pangs of childbirth, but checks bearing- 
down and diminishes the tension of the abdominal and 
pelvic umscles as well as that of the uterus. He fur- 
ther extols its use in neuralgia and cramps occurring 
during parturition. 

In normal labour little chloroform is needed ; if 
a very dilute vapour is inhaled the patient sinks into 
a quiet sleep, and her aensibility to pain is decreased. 
The uterine contractions are unaffected, but although 
during the pains the woman may groan and turn over, 
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md as soon as fl^H 



fQt Iier complaints are but slight;, and 
pain puBHes off sleep agaiuci 

Rulei ^Idlng the adminlBtration : — 

1. Quibtudo ui the room is eescutial; fresh air should 
from time to time be admitted, and the patient's 
posture should lie uucoii strained. 

2, Chloroform should be commenced when the lal 
is iu its second stage if the pains are very seTere, 
but if they are not it is best to wait until the 
foetal head is on the perinfeum. Aa a role the 
chloroform should not be given during the in- 
tervals between the painx, unless the severity of 
the pains is very great, or it is deemed advisable 
to induce deep anieatheaia for the performance of 
an obstetric operation. 

8. For nervous women and those who dread paiD, 
also in ctises when the perinieum is very rigid, 
chloroform should be used, as it relaxes the peri- 
neal structures and so is moat beneficial. 

4. When the patient becomes excited by the chloro- 
form, if it is considered really essential that she 
should be antesthetised, it muat be pushed to com- 
plete narcosia. 

5. AVhen the labour is protracted and the patient ia 
to be kept anrasthetic, it is necessary to discontinue 
the inhalation from time to time, otherwise an 
injurious accumulation of the drug will take place. 

6. When an obstetric operation becomes necessary 
deep sjjsstheBia must be obtained (^Charpentier). 

7. When heart, lung, or kidney disease exists in a 
parturient, the production of anssthesia ms.y be 
dangerouB, and its advisability must be settled 
upon the same general principles which guide ua 
i>< '^•{ciding upon like cases in surgical onEGsthesia. 
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8. It is neceasary when the patient is kept semi- 
narcotised to carefully guard against over-disten- 
sion of lier bladder. 

9. It is inexpedient to awaken the patient to con- 
Bciousnesa by artificial means, e.g., slapping mth 
a wet towel. 

10. When the ftetal head bears on the perinieum, give 
the aoESBthetic more &eely, aa it relieves the in- 
creased pain and also relaxes the maternal passages, 
and lessens the danger of tearing tho perinseum. 

11. If the patient is depressed or the pains are slug- 
gish during the admiuistration, an occasional stimu- 
lant may be administered. 

12. In cases where the ancesthetic appears to inter- 
fere with the progress of labour, it may be neces- 
sary to suspend its use for a time and re-apply it 
after an interval, or even to withdraw it altogethi 
If a meal has been recently partaken, avoid chloro- 
form, the sickness likely to follow will impede 
delivery. 

Objections. — These, although strenuously urged by 
some, are probably more theoretical than real. 

1. Chloroform is said to increase the mortality alike 
among mothers and children. 

Statistics certainly negative this statement. It has 
been averred that tho danger to the parturient is in 
direct proportion to the amount flf pain experienced, 
and since chloroform minimises this, it lessens the ac- 
tual danger of childbirth. 

2. It ia asserted that it protracts the labour. 

Unless pushed to the degree of deep narcosis chloro- 
form does not interfere with uterine contractions. In 
experimental researches upon animals this point has 



been full; proved, and has recently been corrobontted 
in a striLingnmonerbyDr. Milne Murray, of EdiubnrgL. 
Deep narcoBis rendera the volnntary abdominal nma- 
cles las, and bo interferes with expulsive efforts. Very 
deep narcosis also paralyses the nteriue mascnlar tissne. 
Un the other band a womb, exhansted by freqneDt and 
ineffectual contractions, will often nnder chloroform 
regain tone and resume vlgorons expnlsive movements. 

3. Buptnre of the perin»uni is said to follow more 
commonly when chloroform is used. 

I have never seen sntisfaciory proof of this allegation, 
and can find no valid reason wby snch an accident 
Bhoald be associated with tbe auiesthetic state. 

4. Complications are asserted to be more liable to 
occur when it is used. 

This point was care fully investigated by the Chloroform ■ 
Committee of tliG Royal Medico-Chirnrgicnl Society, and i 
it was found that chloroform when properly administered f 
doea not predispose to inflammation, puerperal convul- 
sion, apoplexy, or other mishap ; indeed, as it promotea 1 
relaxation of the maternal passages, it is beneficial. 

Opinions differ as to whether it predisposes to imper^H 
feet contraction of tbe uterus and eo to post pa. 
hemorrhage. This question is greatly influenced J 
firstly by the degree of narcosis arrived at, and secondly J 
by the length of time allowed to elapse before its nse, i 
well as that during which it is employed, Prolongeifl 
use of small doses may be more harmful in this respect: <f 
than deep narcosis arrived at rapidly and not main- ■ 
tained for more than a few minutes. It is also highly 1 
important that the patient's respiration should be frea J 
and unhampered by her posture. Lactation is not in- \ 
jnriously affected ; tbe child is in no way injured. 



Convalescence is not only not delayed, but is in point 
of fact actually hastened liy the use of chloroform. 
Thia statement is made upon good authority, and is 
probably explained by the fact that by the use of chloro- 
form the nervous system is protected from shock. 
(Sansom). 

Alethod of exhibition. — When chloroform is em- 
ployed the open method probably is the best, admitting 
as it does plenty of air, the countenance being readily 
Been, A httle chloroform may be sprinkled upon a 
piece of folded Hut, or on a towel. Some practitioners 
let the patient hold a piece of lint or a cup inhaler so 
that when she grows drowsy the improvised inhaler 
drops from the hand. Care must be taken that the 
face does not fall over the chloroformed cloth, or the 
breathing become impeded by the pillow or bedding. 

" When deep anffisthesia is required it is best to have 
a skilled administrator.'' (Chloroform Committee). 

When chloroform or the A. C. E. mixture is adminis- 
tered by a person who gives himself up solely to this 
duty, the use of Junker's inhaler fitted with the flannel 
cap (see p. 114) possesses the advantage that there ia 
less escape of vapour into the room, the air of which 
keeps purer. When a less elaborate and more portable 
apparatus is desired, Krohne's cone with respiratioa 
indicator is very good, as it allows the administrator to 
see the breathing is being properly performed, even 
when the posture of the patient renders it dij£cult for 
him to see the thoracic movements. 

In the First Stage of Labour, chloroform or the 
A. C. K. mixture, if required at all, should be given 
intermittently and in small quantities. As a rule 
the first stage of narcosis ia deep enough. The 
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patient ia oonscions, bnt only slightly alive to painful 
BenBatians, If any exoitement and diaorderly con- 
duct follow, the patient must be allowed to recover her 
Belf-coutrol. Some persona need more chloroform than 
others, bo that the adminietrator must decide each case 
upon its own merits and further must he guided hy hia 
own observations, and not influenced solely by the 
patient's cry of " Give me some more." Women fre- 
quently repeit this phrase when almost unconacious 
and unaware of preferring any request. 

In the Second Staoe, chloroform should be given 
only during the pains, and then merely to slight nar- 
cosis, since the woman needs the use of the abdominal 
muscles. At the stage of labour when the head is 
traversing the perinteum, deeper narcosis is needed to 
relax the soft parts, whilst at the last as the head 
emerges through the vulva, chloroform should be freely 
administered. 

When Instrumental Pbooeduee is requisite deeper 
narcosis is needful, and especial caution is required in 
order to prevent the patient being made simply ex- 
cited and rigid, a condition alike dangerous to the 
mother and child. In this stage the aufesthetic must 
be pushed and true a 



Obbteteic Opeeations. 

For Timiivg and instrumental deliveries, if an 
aniestlietio is employed, deep aniestheBia is requisite 
and may either be obtained by chloroform, the A. C. E. 
mixture or ether. The London Committee approved 
irst.named, but mainly on account of the greater 
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ease with whicli it was tben exhibited. Since our 
modern appliances for giving ether are so improved 
this reason can have no weigh!,. In deep narcosis 
from chloroform the partnrient is placed in the same 
danger as for any sargical operation. It is somctimeB 
urged against ether that it does not relax the uterine 
tissne so effectually as chloroform. If this objection is 
valid it tells also the other way, as hemorrhage would 
under such circumstances be less likely to be severe. 
The other effect passes off more rapidly. 

The A. C. E. mixture is largely used in operative 
obstetric practice and answers remarkably well. It la 
best given in Junker's inhaler or from Krohne's cone. 

For extraction by forceps narcosis sufBciently 
deep to keep tJio patient quiet is needed. 

Craniotomy. — The narcosis must be deep. 

Hour-glass contraction. —Retained placenta. 
Here complete relaxation is necessary and so the antes- 
thetic must be pushed. 

Puerperal convulsions. — Chloroform is indicated 
in all cases of convulsions associated with labour. 
It is, however, contra -indicated in apoplectio seizures. 



After Effeotb. 

Vomitinff is rare ; faintness, excitement, headache 
have sometimes been manifested, but as a rule few un- 
pleasant results follow the use of chloroform for child- 




Brain Surgery — Tlie method which answers 1 

when the brain itself is made the subject of operation, 
IB to administer a dose of morphine, beneath the skin, 
either one quarter of an honr before the operation, and 
GubBcquently to administer chloroform, or to inject the 
morphine as soon as the chloroform has deadened the 
patient's sensibility. It is necessary to get the patient 
completely anfestbetised, but when once this is achieved 
very little more cUoroform is needed.* Ether pro- 
dnces too much Tascular excitement in the meaingeH 
and brain substance, and so is contra -indicated in 



ANiESTHETica IN Ophthalbdc Phactick, 

Since the introduction of cocaine, many operatioiull 
about the eye are performed without the employmenjil 
of general antesthesia. The extreme steadinesB anSl 
immobility needful in these delicate operations requital 
very deep narcosis, and so it is the adminiBtrator'gJ 
duty to push whatever vapour he is using until profoui 
narcoeis is obtained. The operator must not be allow 

* I am indebted to my friend and colleague Mr. Tiotoi 
F.E.S., for Ibie method in Brain anrgerj; 1 ha?cemploja J it for U 
cMea witb greftt (uoceu. 



to commence his manipulation until the patient is not 
onlj' absolutoly unconscious and flaccid, but shows not 
the shghteat inclination to cough, vomit, or struggle. 
It must be kept in constant remembrance, that the very 
salvation of the eye depends upon the unflinching im- 
mobihty of the person of the patient, The nature of 
the antesthetic used is of less importance than is the 
way in which it ii 



An^bthesu. for Operations about the Modth, Jaws, 
AND Hebfiratdey Tract, 

Chloroform ia preferred (1) because under its use the 
narcosis is deeper and more prolonged ; (2) its vapour 
is not easUy ignited; (3) it can be conveniently given 
through the nose and so can be given witliout being an 
inconvenience to the operator. 

In the removal of sequestra from the jaws, excision of 
epuhdes, tapping antral abscess, etc., no very deep 
narcosis is requisite and the patient may be kept suffi- 
ciently quiet by the use of chloroform given by the 
open method. 

DmiDg the removal of the upper jaw, the 
patient must be kept deeply under the anssthetie for 
the skin incisions, and this may bo done by first nar- 
cotising by the open method and by subsequently 
keeping up tho supply of chloroform through a tube 
introduced into the free nostril and fed with chloro- 
formised air from a modified Junker. When the skin 
flaps and soft parts are freely divided and dissected up, 
the patient must be allowed to recover sufficiently to 
cough and so prevent blood entering the larynx, al- 
m2 



tliouglilieniTistbesnfBcieutly anEestbctienot tostrnggl 
The management of these cases ueeds constant cars 
and Bome judgment. The dangers the chloroformist 
has to guard against are— entrance of blood, teeth, por- 
tions of growth, spicales of bone, etc., into the larynx ; 
the patient passmg into the second stage of cbloro- 
formisation and growing restive, excited and bo violent 
as to interrupt the progress of the antesthetic. He 
should see that the hiemorrbage is directed out of the 
mouth, that the tongue is not allowed to fall back, that 
the air enters and leaves the glottis freely. If the 
patient's respiration is embarassed from entrance 
blood into the air passages, the tongue must be drawn 
right out of the mouth, all blood mopped away, audi 
failing relief from this, laiyngotomy must he performi 
and the tube sucked free from clots, etc. Inversioal 
may be needed. 

Removal of the lower Jaw may often be done 
almost completely while the patient ia under ether, 
chloroform being administered only just at last when 
in the course of the operation the mouth is opened. 
This is an admirable metliod. 

In excision of the tongue. —Chloroforra admin- 
iatered through a nasal tube should be relied upon and 
much the same precautions with regard to hamorrhage 
taken, as in ana)9thetising for removal of the jaws. 
When much htemorrhage occurs, the patient must be 
guarded from deep narcosis. By the use of Dr. F. 
Hewitt's gag, p. 114, the nasal tube can be dispensed 
with. 

Staphyloraphy is best performed under chloro- 
form, which is preferably administered through the nostril. 
Cai'e must he taken that the nasal tube does not get into.i 
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tbe operator's wny, and to avoid this possibility, a flexible 
catheter should be used. The liiemorrhage being, as 
a rule, slight and easily controlled, there ia no parti- 
cular fear of blood trickling down the trachea, and 
further, as quietness is very desirable in the patient, full 
surgical narcosis should be maintained. However, 
with careful management and with frequent interrup- 
tion of the operation, ether or the A. C. E. mixture may 
be used. Warrington Haward, to whose powerful ad- 
vocacy the ether propaganda owes so much, speaks 
highly of ether io staphylorapby. 

Operations on the respiratory tract, laryn- 
^otomy or tracheotomy is usually performed when 
the patient ia under chloroform as the rapid movements 
under ether interfere with the surgeon. 

ExciBion of the larynx, thjrrotomy requiring 
a preliminary tracheotomy, may be performed, chloro- 
form being given by sprinkling it on a flannel stretched 
across a funnel, connected with a Hahn's tube, or by 
directing a catheter over the outlet of the Hahn's 
tube, and pumping through it chloroformed air from 
a Junker's inhaler. An alternative is given below. 



Eectal Etherisation in Oral Sui 



My experience of this method is so far so favourable 
that I should say for removal of the tongue, the jaws, 
and for staphylorapby, especially for escisiou of the 
larynx, the rectal etherisation is far more convenient 
for the operator, and more effectual in the anaasthesia 
it produces than the plans named above in which 
chloroform is used. The operation can be proceeded 
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with witliont a break, and the after-effects to the paiii 
appear as a rule to be less troublesome and less 
than when the anieethetic is given by the air passages. 
In cftseB in which much blood is likely to be thrown into 
the buccal cavity, careful watch will have to be taken 
that it is efficiently sponged out, and does not enter the 
windpipe. If the aniestbetist is engaged in watching 
the apparatus at tlie foot of the operating table, another 
observer should be stationed at the bead to watch this 
point closely. 

In all these cases the inverted posture of Langenbeck 
may be usefully employed. The method, howevar, 
admirable as it is, is certainly not free &om dangeiA 
peouhai to itself. 



Beuovat. of Post-Kasal AnENoma. 



i 



Growths in the post-nasal region, when removed 
through the mouth, give rise to troubleBome bleeding. 
Chloroform, prefprred by many surgeons, poBsessea the J 
disadvantage that the patient remains longer under'S 
its influence, and so it is less easy to avoid blood enter- ff 
in g the air passages. The additional time is hy somftl 
deemed an advantage, as it permits of longer manipu* 
lation in the mouth. I have found that when it is I 
undeBirahlo to use chloroform, the A. C. E. mixture iiil 
succession to gas answers fairly well in these cases, 
docs not excite as much biemorrhage as ether, and tfatt ] 
patient can, if necessary, be again and again aniesthe- 1 
tised, after emptying bis month of blood, until the J 
operation is complete. By this method there is ntA J 
much fear of blood being sucked into the larynx. 
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Ether possesaes the disadvantage of producing much 
ooDgestion, and ao increaaeH to an annoyiug degree the 
htemorrhage incident upon operations for the removal 
of post naaal growths. Still, if properly managed, ether 
answers very well for these cases. Of course where the 
caatery is used in the nasal passages, ether must not 



ANffiSTHKTics m Dental Subobey. 

The operations for which an ansesthetio is nsaally 
needed are : — 

Estraction of teeth. 

Lancing the gums, and tapping the antrnm. 

Extirpation of the dental pulp. 

Filling whea the dentine is abnormally sensitive. 

In tooth estraction, nitrous oxide gas — alons, or with 
ether after the manner introduced and advocated by 
Clover- — is the safest and most convenient antesthetic. 

The administrator stands to the left side of the 
patient and carefully fixes his prop (gag)** either on the 
side opposite that from which the teeth are to be 
drawn, or between the central mcisors — thus allowing 
room on each side. The patient is then ansesthetised 
(see section "Nitrous Oxide"), and when quite un- 
conscious, the face-piece is withdrawn, and the patient's 
head steadied and moved into the most convenient pos- 
ture for the dentist. Care has to be taken that the tooth, 
or a fragment from a broken forceps, does not fall back 
into the larynx, and that the tongue is not pushed hack 
by the operator and the patient's breathing impeded. 
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Ab a rule, it is inadvisable to adminiater gas twice to 
the same patient at one sitting, but if such a thing is done 
waruing uf probable after- head ache should be given. 

Where prolonged anfflsthesia is required, ether may 
be given, and the ordinary precautions taken as for 
etherisation in general surgery. Chloroform ehoold 
never be given to a patient sitting npright in a dental 
chair. If it is deemed wise to employ that agent, the 
patient should be seen at his own home, and in bed, 
and the aneesthetic administered with the usual caution. 

For special dangers of antesthetics in dental surgery 
see Nitrons Oxide, under accident, p. 57, and Accidents 
of Aniesthesia, Chap. X. 



Thoracio SnKGEBY. 

In the snrgical treatment of empyema some diffi- 
culty frequently arises in tlie choice of the antesthetio. 
Chloroform has in a good many instances caused dan- 
gerous and even fatal results from syncope, while ether 
seta up severe cough and respiratory distress. The 
A. G. £. mixture when it can be borne answers well, 
but must be given in a very dilute vapour ; even then 
it is liable to provoke distressing cough. This state of 
things is rendered worse by the lateral posture which 
the exigencies of the operation may require. It is 
sometimes a good plan in very severe cases, i.e., when 
grave fears exist, owing to the condition of the heart 
and lungs, to push the anesthetic to only the first stage, 
as far as possible maintaining a state of analgesia, and 
always stopping short of true antEsthesia, To combat 
these difficulties I have employed the method of rectal 
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etheriBatiou (q. v.) in thoracic surgery and bave been 
pleased with the reeulte eepecially in the case of 
children. "When the empyema communicates with 
a bronchus great care must be taken that the patient 
does not become sufficiently deeply narcotised to hinder 
free coughing up of the pna in hia lunga. Any ten- 
dency to cyanosis should be accepted as a signal to lessen 
the depth of the narcosis, and provided care haa been 
taken in the initial etherieation this is easily effected in 
the rectal method. 



Anesthesia is Abdominal Stjbgert, 

Complete relaxation of the recti and other abdominal 
muscles is imperative ; great quietude and freedom from 
hurried respiration, coughing, and vomiting, are also 
necessary for operations upon the abdominal parietea 
or viscera. To ensure these points, chloroform, the 
A. C. E. mixture, or methylene, are most suitable. 
During the incision through the parietea, the patient 
must be kept fully under the antesthetic, subsequently 
a lesser degree of narcotism is needed until the final 
skin sntures are put in, when deeper anaesthesia will 
again be requisite. Great care must be taken, however, 
that the patient is not allowed to recover suEBciently 
for the supervention of vomiting. In cases in which a 
large tumour or collection of fluid or gas is removed 
from the abdomeu, and the heart— previously displaced — 
is allowed suddenly to right itself, there is especial 
danger of syncope, and precaution against this must be 
taken. 
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Bectal Subgebt. 

All operations about the anus and rectum are not 
only very painful, but excite reflex straining and spasm. 
In ansBsthetising for such operations, profound narcosis 
is needfal. The combination of gas and ether in most 
cases answers well, although it is necessary to give 
enough ether to induce absolute muscular flaccidity, 
snoring respiration, and widely dilated pupils — and 
further, to maintain deep narcosis to the end of the 
operation. 
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ACCIDENTB OF AH£STHESIA. 



Anesthesia, and How to 
Them. 

I. Those connected with Ebspiration, 



Foreign bodies may become loose in the motttb, 
aud either get Kncked into the larynx and thence enter 
the trachea, ot become impacted, and set np laryngeal 
spasm. 

False teeth.— Small plates are especially danger- 
ous, whilst obturators and pivots may also become 
sources of peril. During operation, teeth or pieces 
chipped off teeth may fall back, and even portions of 
epithehomatouB or other growth, blood clot, vomited 
undigested solid food, gags, portions of snapped off 
forceps, and bits of sponge, may obstruct breathing. 
When the tongue is partially removed, the stump is 
liable to fall back and cover the glottis, and similarly 
after removal of a portion of the lower jaw, the whole 
tongue may be carried hack by its own weight. This 
may also occur in deep narcosis, even when the jaw 
is intact. The linger inserted in the mouth during 
tooth estractioD, often pushes the tongue right back, 
and unless this is noticed and remedied, complete 
occlusion of the air -way occurs. 

Precautions.— Remove all loose bodies from the 
mouth before operation. Let the patient avoid any 
sohd food on the day of operation. Never operate 
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again until the firBt tooth extracted is known to be out 
of the mouth ; and be careful that the forceps are freed 
from the tooth just removed, before employing it again. 
Gags and apongea must be securely tied to a long 
string. When possible, tlie head should be placed on 
its side, to obviate the effect of the weight of the tongue 
in carrying it back, and also to facilitate the expulsion 
of blood. Sometimes a Carter's oral spoon held in the 
mouth during tooth extraction prevents teeth flying 
back and being drawn into the larynx. 

Vomited matters. — When through the exigencies 
of the case or tlirongh inadvertence, food has been 
taken within a few hours of the administration of an 
anffiathetic vomiting is pretty sure to occur, either when 
the operation is proceeding or as the patient is com- 
mencing to regain consciousness. There is great 
danger leat vomited matters be drawn back into the 
larynx, leading to asphyxia.* 

Respiration may also be hcimpered by the posture 
of the patient, by pressure upon his chest from instru- 
ments, assistants leaning upon him, or by tight ban- 
daging. "When placed prone or upon the side, feeble 
people, those who are fat or emphysema tons, or who 



* TheioUomog cue illuatr&iaa tliU il anger. A taspital patit-iit 
requiriog a minor operation una inetrncted to abntain from food and 
pcosent himself in tlie evening foe tlie hoase enr^Boa to operate. The 
operation was performed— the patient being skilfully Bn»slbetiaeJ 
by a resident, but during recoTery be romited, and large masePB of 
undigested meat were taken from the mouth. Aapbyiia beiog- im- 
mlnent laryngotoray was performed, but the patient died, and the 
necropay showed a mass of meat had entered the trachea, and lay at 

Bpit« of explicit directions to the contrary partakeo of a heavy meftt 
'just before coming to the hospital. 
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have fluid in their chests — one lung being more or leea 
hampered, must be carefully watched, as the mechanical 
interference with breathing in these cases has caused 
fatal accidents. 

All general aofesthetics eventually paralyse the re- 
spiratory centre in the medulla oblongata, and ao 
cause cessation of breathing; but some act more rapidly, 
and provoke spasm of the glottis by the impact of their 
too strong and pungent vapour upon its delicate mucous 
membrane. In this way no air enters the lungs, al- 
though irregular thoracic movements persist. Spasm 
of the larynx certainly may occur from ether or chloro- 
form vapour, and, it is stated, from nitrous oside gas. 
As a rule the spasm passes rapidly off, being reheved 
by the admission of air, but it may be sufficiently 
severe to need laryngotomy. Chloroform also acts 
upon the larynx in another way whereby the air- 
passage becomes occluded ; namely, by the closure of 
the arytieno-epiglottidean folds. In this case respira- 
tory movements persist although no air enters the 
chest. 

Patients may be actually asphyxiated by the admin- 
istrator excluding all air ; and this may occur with any 
inhaler onless care is taken and the colour of the face 
watched. 

Treatment — The foreign body, if still free in the 
mouth, should be dislodged by bending the head for- 
ward and sweeping the buccal and pharyngeal cavities 
with the finger. The tongue should not be pulled 
forward, otherwise the tooth, or whatever it is, will 
enter the trachea. Should the finger feel the body 
fixed, its removal must be attempted with oasophageai 
forceps or with a snare. A slap on the back often 
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helpa the expulsion of the offendiug substance. Inver- 
bIou sliould also be practised, although if tbe body has 
already passed the laryns there is danger of its impac- 
tion in it giving rise to spasm. Should this occur, 
or should suffocation be imminent from other reasons, 
the windpipe must at once be opened as follows : — 

The operator feels with hia finger for the cricoid car- 
tilage, and makes his incision through the skin and 
subcutaneous structures for a distance of two and a 
half inches vertically downwards making the cricoid 
cartilage the centre of this incision. The assistant 
draws open the wound with blunt hooks, taking care to 
pull equally on the two sides, as it is all important that 
the surgeon should have tbe middle hne well defined 
for him. Vertical incisions are then made until tbe 
deeper structures are divided. The fascia uniting the 
edges of the s tern o -thyroid muscles baa to be sought 
and divided. This done, some veins, the thyroid 
plexus, come into view, and may be held aside with 
hooka, but should they be large, clamp forceps may be 
used to secure them before section, and they can later 
on be tied at leisure. The isthmus of the thyroid body 
may present and bide the trachea, hut after dividing its 
fascia, it can readily be booked down out of the way. 
The trachea reached, it is well cleaned with a blunt 
director and fixed by means of a sharp hook introduced 
between tbe rings to the side of the middle hne, and 
with its point looking upward. The trachea is then 
freely opened by introducing the knife fri,m below, and 
sUtting upwards two or three of the tracheal rings, even 
the cricoid cartilage may be divided, then the aperture 
held freely open by means of blunt hooks. Succussion, 
or better, tickling the tracheal mucous membrane witlt-q 
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a feather will induce violent expiratory efforts, and may 
provoke espuleion of the foreign body by coughing. 
Further meaaures, such as the introduction of fine for- 
ceps, anares and bo forth, are matters hardly within my 
province to describe. The main object of tracheotomy 
in these cases is to ensure an air-way should the laryn- 
geal space be closed by spasm, excited by the foreign 
body either impacted or coughed against it. The opera- 
tion itself greatly increases a chance of the patient's 
coughing up the object, because the artificial opening 
is insensitive and offers an unobstructive outlet, whereas 
the sensitive larynx closes as soon as touched, and so 
effectually prevents the coughing out of the foreign 
body. After the foreign body haa been removed a 
small dossil of wet lint should be placed over the 



When mechanical impediment to respiration is not 
due to a foreign body in the air passages, the tongue 
muet bo drawn forward with forceps, until it protrudes 
well out of the mouth, while at the same time the head 
is thrown back to straigliten the respiratory tract. 
This treatment will usually be effectual when the 
tongue or larynx is the cause of non-entrance of air. 

When spasm of the larynx results from adminis- 
tering an aniGsthetic, and persists after drawing for- 
wards the tongue and hooking up the larynx, laryngo- 
tomy must at once be performed. No formal operation 
is needful, the surgeon at once incising the crico-thyroid 
membrane and maintaining open the aperture so made. 
It is suggested by some that inhaling chloroform 
relaxes the spasm, but it is of course useless to adopt 
such measures if the rima is quite occluded, as no 
vapour will enter, and valuable time is being lost. 
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If, after tlie upper air-ways have been cleared and 
rendered patent by tbe manosuTres above cited, the 
breathing etill remains unsatisfactory, artificial respira- 
tiou must be at once practised by one of the following 
methods. 



Silvester's Method." 

The tongue being drawn forcibly out of the mouth, 
and the air-ways seen to be clear of obstruction, the 
head is to hang back, with the neck extended, and the 
tongue held firmly out of tlje mouth. The operator 
stands behind tbe patient and grasps the arms near 
the asillee in such a way as to evert them and render 
the pectorales majorcs tense. He first presses the 
arms into tbe sides so as to compress tbe thorax and 
espel air, whilst at the same time an assistant should 
malte pressure upon the abdomen to prevent the in- 
creased intra- thoracic pressure from forcing down the 
diaphragm. Nest, he firmly drags the arms away from 
the sidea, everting them and lifting the patient as the 
arms become about 45° beyond the head ; finally, he 
carries the arms back to a line with the head. He 
pauses to allow air to rush freely into the lungs, and 
then brings the arms down to the sidee as before. This 
process be repeats twelve or sixteen times ia one 
minute. The way the arms are grasped is important. 
"When they are held below the elbows, it is not possible 
to open out the chest as efi'ectively as when the plan 
above indicated is followed. 





The diagrams given below illustrate this method of 
indaciug artificial reepiration. 




Fig. 28.— ArtiGcittl BeBpimtion— Expirition. 



Howard's Mbthop 

Can be naefnUy employed, supplementally to Sylves- 
ter's. It is also of value when the patient's chest is 
rigid. Dr. Howard insists strongly upon the full es- 
tension of the head upon the trunk that the air -ways 
may be thoroughly straightened out. The patient is 
between the operator's knees. The latter, who faces 
him, appUes his hands so as to grasp the free margin 
of the thorai, his thumbs resting upon the xyphoid 
cartilage. The patient's arms are drawn above hia 
bead. The operator presses upwards and inwards 
towards the diaphragm, gradually bending over the 
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patient ho that all the weight of his body aids in com- 
preaaing the thorax. After ateady pressure for some 
Beoouds with a sudden push-np the operator throws 
himself lack into hia poBture, while the resiliency of 
the lungs causes thcu* expausion. The process is re- 
peated twelve or eixteeu times a minute. 

All measures iu artificial reapiratiou must be adopted 
quietly, firmly, aud slowly ; since crowding, hurry, 
fuaa and iuexpertuess, are very daugerous. IJife 
be restored after an hour's artificial respiration. 




WTTH THE HbAKT 4ND BlO( 

Yesbelb, 

Syncope may occur as the result of fright, or be 
caused by sudden impact of a strong vapour upon the 
air -passages. Thig occurs in the early stages of the 
administration, aud ia shown by pallor of countenance 
and failure of pulse. 

Treatment. — The patient should at once be placed 
supine, the legs aud arms raised, aud the head dropped 
below the level of the trunk ; all clothing loosened ; 
smelling salts, liq. ammonife fort, (with caution), or 
burnt feathers be put to the nostrils ; and the prre- 
cordium rubbed with a wsrm hand. Sulphuric ether 
may be hypodermically injected over the heart, and 
nitrite of amyl capsulea bo smashed and the patient 
made to inliale the vapour. If tlie breathing flag, arti- 
ficial respiration must he at once practised. An euenia 
of brandy — ^ ^^- ^^ 3 "■ °^ warm beef-tea or gruel or 
starch — may be tried. When tlie patient has recovered 
sufficieutly to swallow, hot strong cofiee with a tea- 
ipoooful of Cognac should be given. The most eti-iiigf 
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injunctions must be laid down that the horizontal pos- 
ture be maintained until the heart has quite recovered 
itself. 

Syncope from shock occurring later on may arise 
from prolonged operation, or loss of blood, or over- 
taxing of the heart due to respiratory diEBculties. 
Chloroform, given over a leugthened period, also de- 
presses the heart and may determine syncope. 

Ths TREATMENT rehsarssd above applies also to these 
cases ; in them it is usually more common to find a 
gradual heart-failure occurring, and giving warning of 
trouble. Respiration also is especially hable to flag at 
the same time as the heart fails. It is especially neces- 
sary to have resort to artificial respiration early, both on 
these accounts and because that measure even by itself 
will frequently steady the heart and restore its rhythm. 
In all syncopal attacks, while the above measures are 
being adopted, an assistant should pour cold water over 
the face and chest, and dash the latter with a towel-end, 
wrung out ia ice-cold water. 

Apoplectic seizures. — Besides ceasing from all 
interference and placing the patient supine, little can 
be done, and du-ections would not be in place in the 
present manual. 

Epileptic seizures Tho patient should be laid 

down, his tongue be guarded from being bitten, and his 
clothing loosened, the ouly interference justified ia to 
be directed towards restraining the patient from doing 
himself any injury. 

HjFSteiical seizures should he treated in a similar 
way to that indicated above (epileptic seizures). 





CHAPTEE XI. ' 

Local Anesthesia. 

It lias been sought to obtain local aniEBthesia without 
disturbance of ths-mental faculties, and this object has 
been consummated with partial success in three ways. 

(1) By drugs painted and injected at the situation 
desired to be rendered aniBsthetic. (2) By odd, (8) 
By electricity. 

The most usual means of producing local aniesthesia 
by drugs is the use of cocaine. This, the active prin- 
ciple of the leaves of Erijthroxijlon Coca, a plant culti- 
vated in Bolivia, Peru, the Andes, nnd Argentina, has, 
since 1S80, come into use for producing local inaenai- 
bihty to pain. It is employed commonly in two ways : 
a, as a paint over mucous or cutaneous surfaces, and 
h, by subcutaneous injection. ^m 

PeTBICAIj PbOPEKTIES, PltEPAIIATlON'S, ETC. ^H 

The Erythroaylon Coca (cuca) leaves have been known 
for very many years as a stimulant, and cocaine was 
first isolated by Gardeke (1856) who called it erythroxy- 
line. It was rediscovered in 1857 by 8. R. Percy of 
New York, who, besides isolating the active principle of 
cry tliroxy line, described the property it possessed of 
deadening the sensibility of the tongue ; Niemann in 
1860 also noticed its anjesthetic properties. Lossen two 
years later recognised the true composition of the sub-^ 
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stance and gave it the formula CijHhNOj. Ifc was 
not until Karl KoUer, in 1884, induced Dr. Brettauer to 
demonstrate tlie anasthetic properties of the hydro- 
chlorate of the alkaloid before the Ophthalmo logical 
Congress meeting iu Heidelberg that it became gener- 
ally recognised as a local analgesic. 

The alkaloid cocaine (CnH^iNO,) has a bitter taste ; 
forms crystals ; is with dlfQculty soluble in water (1 in 
700 or more), more so iu alcohol (1 in 20), freely so iu 
chloroform or ether, also in melted vaseline, castor oil, 
&c. Pure cocaine, or the hydro chlorate, gives no colora- 
tion, or a very faint evanescent yellow one, with concen- 
trated cold sulphuric acid. It may readily be recog- 
nised by its crystals, which are colourless monochnic 
prisms. Cocaine readily undergoes chemical changes 
in its composition, so that solutions for use should be 
made fresh as required. With benzoic, citric, hydro- 
bromic, sulphuric, tannic, oleic, and hydrochloric acids, 
cocaine forme salts, respectively, the bonzoate, citrate, 
hydrobromate, sulphate, tannate, oleate,*' hydrochlorate, 
of cocaine, which possess the advantage of being easily 
soluble in water, and so readily employed for hypoder- 
mic injection. Aqueous solutions of these salts should 
not be kept any length of time, as they are liable to 
become contaminated by the growth of a fungus which 
occasions deleterious effects upon the patient. The 
addition of boric acid, carbolic acid, or chloroform has 
been suggested to prevent such fungoid growth, but 
these cannot be relied upon to promote the object in 
view. 

Cocaine acts as a general aniesthetic when so over- 
whelming a dose is taken as to bring the animal taking 
* A esturated lulutioaof.cucBina in oleic acid. 
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it to the point of death. Its true action is that of an 
analgesic and this ia due uot to the vaso-motor con- 
Btiiction vhich it establiehcs, bnt to its iufluence upon 
the eeneory nerve endings. If an area is rendered 
antemic and analgesic by cocaine, the aobseqacnt in- 
jection of pilocarpine will abrogate the aneDima while 
the analgesia remains nnnfTected. Arloing has Bhown 
the same thing by diviiUng the sympathetic of a rabbit 
on one Bide, the animal having been previoasly 
ised, hypervascnlarity conld thus be seen to ex 
ultaneously with analgesia. 

The BiDBocHLOBATE IB the ealt which in solntion ia 
most commonly used; it forms acicular or lamellar 
ctystala. It is soluble in half its weight of water, but 
Ireely taken up by glycerine or spirit, and unlike co- 
caine is insoluble in ether or fata. It is hable to grow 
fungi. The proposed addition of boric or other anti- 
septics seems, as in the case of cocaine itself, 
a means of checking the production of fungns. 



abbit 
cain^H 



Physiological Action of Cocaine Upon the HbabtI 
AND Blood Vessels. 

It is a much disputed point what action cooainA: 
exercises upon the lowest organisms, ferments, Infa-' 
Boria, &c., but it would seem to behave as a true antes- 
thetic, producing temporary arrest of function in plants 
and arrest of movement in the lower forms of animal 
existence without destroying life ; if, of courae, the doae 
employed be not excessive (Charpentier). 

In cold-blooded animals cocaine, whether app] 
to the heart itself, circulated through the detai 
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ventricle, or injected into the circulation, slows the 
rhythm, and depresses the heat, finally arresting the 
heart in diastole. Its depressant action upon the heart 
is shown by the accompanying cardiogram (Fig. 27). It 
was taken while the detached heart of a frog was per- 
fused with a competent fluid containing cocaine (1 in 
2000) in ft Eoy's tonometer. 

Cocaine also interferes with cardiac innervation, de- 
creasing ia ft very marked dejrree the escitability, for 
while it abolishes " mako " contractions, " break " con- 
tractions persist. Although both auricles and ven- 
tricles are influenced, the latter are more interfered 
witli, and cease to beat before auricular rhythm is 
arrested (Van Anrep). 

The blood-vessels are but little, if at all, affected 
hy cocaine nnless it be applied locally as a paint, and 
in this case it is doubtful how far the action is really 
characteristic of the drug. 

In warm-blooded animals, au initial increase in 
rapidity of the heart's beat occurs, the heart's action 
is weakened, but usually recovers and ia said to sur- 
vive the cessation of respiration (Van Anrep), Vagal 
inhibition is also much depressed and even lost ; blood 
pressure ia greatly lowered, though this is preceded by 
an initial and transient increase of pressure. 

Cocaine does, however, produce a. very marked de- 
pressing action upon the human heart. Many persons 
after even small doses become pallid and complain of 
extreme faintnees, while the heart's action grows weak 
and irregular, the radial pulse becoming almost indis- 
tinguishable. Blood pressure is at first lowered but 
Bubsei^uently increased. Cocaine in large doses (and 
we must remember that what constitutes a large dose 
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varies greatly among different individuals) renders re- 
spirations more rapid, irregular and shallow, and 
finally will asphyxiate hy stopping respiration alto- 
gether. In human beings, marked djepncea and 
breathlesaness may follow its use. 

Convulsions and epileptiform seizures, due, it is said 
(Durdufi), to vasomotor irritation producing anremia of 
the brain, occur after toxic doses. Death, according to 
Moaso, occurs from tetanic contraction of the dia- 
phragm. 

The nervous system is much affected by cocaine. 
The peripheral nerves of sense become anresthetic over 
the area into which cocaine has been injected, the 
auEesthesia extending just so far as the drug traverses 
the tissues, Dastre very aptly terms cocaine the 
" curare " of the sense nerves. Painting over the skin 
may, if it be sufliciently thin to permit of absorption, 
lead to a hke result but in lesser degree, since but 
slight absorption occurs by cutaneous surfaces. The 
motor nerves are usually only affected by large doses, 
hut in some persons comparatively small doses have 
induced paresis or paralysis lasting for hours or even 
days. Ptyaliam occurs leading to dryness of the 
mouth and fauces. Peristalsis is increased and vomit- 
ing and borborygmi follow its use. The other secre- 
tions of the alimentary tract are lessened. The urea 
and phosphoric acid excretion is increased by it 
(Fleischer), Cocaine increases desti'uction of tissue 
and by a constant repetition of this process lead^ 
finally to physiological ruin. Mydriasis and pro- 
ptosis are usual among warm-blooded animals. Upon 
warm-blooded animals cocaine produces great hyper- 
excitatiou of the muscular system and marked agi- 
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tation, a large dose may at first simulate Btrychnitie 
in its action, caasing muscular trcmbliugs, convulsive 
movements aud Gpasms. 

Although tho mind &t first will remain clear, there is 
UBually a tendency to garrulity, followed by great 
ansiety and feelings of unaccountable distress. Lan- 
guor, muscular woakncss, and lassitude, will then take 
possession of the patient, who becomes haunted by 
most fantastic hallucinations. Some persons simply 
experience slight elation, or it may be drowsiness, but 
loquacity is the most usual symptom. 

Cocaine would appear to produce au hyperesoitability 
of the spinal cord evincing itself in muscular tremblings 
and twitchings (Dastre) ; a similar condition of the 
medulla acoouata for the vaso-motor and respiratory 
disturbance, while (Richet) an increased excitability in 
the cortex brings about convukious, &a. In fine the 
efiect on the nervous system may be summed up in the 
words of Dastre, who says that while tho drug para- 
lyses the terminations of the sensory nerves, it excites 
all other parts — nerve trunks, spinal cord, medulla, en- 
cephalon and sympathetic chain. 

Cocaine produces at first a slight rise in body tem- 
perature. 

It is eUminated by the kidneys, and often produces 
albuminuria or glycosuria, accounted for by Van Anrep 
as the result of the partial paralysis of respiration, 
which the drug ocoaaions. 

No attempt has been made to describe at all fully 
the symptoms which characterise poisoning by cocaine. 
These are bizarre to a degi-ee, and may be grouped as 
(1) more or less heart failure with a remarkable lower- 
if blood pressure, pahug of the skin and mucous 
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membranes ; (2) great dyspnceic distxess from failure of 
respiratiou ; (3) impairment of mental faculties anil 
even uncousciouanesa, or ia some cases catalepsy. Con- 
Tolsions may occur, or a loss of movement in various 
groups of muscles. WhUe such symptoms usually occur 
only after the injection of a considerable dose of co- 
caine, they may follow the use of (juite a small quantity. 
Eetention of urine, protracted insomnia, and prolonged 
anorexia are also recorded (Kummer). 

Methods op Employment, 

1. Instillation into the eye. 

2. Painting over mucous surfaces. 
8. Subcutaneous injections. 

Whatever method be adopted, it should be remem- 
bered that a dose of one grain 'fvill in a large number 
of persons produce unpleasant if not dangerous sym- 
ptoms, half a grain is a safer dose, though even this 
may in many people give rise to trouble. 

As a paint, 20 per cent, solution is used, weaker pre- 
parations being of little value over cutaneous surfaces. 
Several coats are necessary, and even then as a rule 
anffisthesia will not extend much deeper than the true 

"When employed for mucous surfaces, especially if 
there be any likelihood that some of the solution may 
be swallowed, a dilution to 10 per cent, should be 
adopted. In laryngoscopic cxamiuatiou 8emon uses a 
20 per cent, solution, painting the pharynx with it, and 
this he finds will enable the patient to submit tran- 
quilly to prolonged and painful laryngoscopy. 

In ophthalmic practice it is well to instil a few drops 
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of a 4 per cent. Bolution iuto the conJDiictiva, repeating 
the iDstUlation two or three times at brief iDtervala, 
and then wnitiug from &vb to ten miuutcB before 
operating. If the manipulation talies long, it will be 
necessary to repeat the ptooeaa from time to time. 

Cocaine ia also employed as a spray in an atomiaei^H 
a 4 per cent, solution being used, H 

Most marked effects, both local aud constitutioiiBl, ■ 
follow the use of cocaine when injected hypodermically. 
Used in tins way, its action is more rapid and more 
persistent than when applied as a paint or an ointment. 
A 10 or 20 per cent, solution is usually employed, and 
&om 2 to 6 minims injected at the site of operation. 
As the effect may pass off before surgical interference 
has been completed, it will often be necessary to inject 
a second or third dose duriug the operation. Great 
care must be taken to avoid the injection entering u 
vein, as it is probable that many of the deaths following 
the use of cocaine have resulted from this accident. 
From five to ten minutes must be allowed to elapse 
after injection before the knife is inserted. 

Another and useful uietbod of administration suit- 
able for eye work is the placing of an easily soluble 
cocaine tablet (B.P., 1886) in the ocnio-facial fold of 1 
the conjunctiva. 

A convenient and very admirable means of TiBin{(^ 
cocaine for a throat spray is the atomiser figured below: 
invented by W. J. MiUer. 

Dr. Leonard Corning, of New York, proposes ysl 
another method of using eocame. He first marks out ' 
with crayon the superficial veins, to obviate a possi- 
bihty of puncturing them, and nest exsanguinates the 
Umb with an elastic bandage and Esmarch'e cord. Ha ■ 
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then injects superficially three to five drops of ft 1 or 2 
per cent, solution of cocaine hydrochlorate immediately 
fibove the cord. After waiting until the skin ia anffis- 
thetic, he injects the deeper tissues with a solution of 
the same strength, making twenty or more punctures 
according to the area to he rendered insensitive. Dr. 
Corning then apphes a, tourniquet at the upper limit of 
the antesthetic zone, and after a few minutes operates. 




FiQ. so.— Uiller's Atomiser. 

This elaborate procedure ia based upon the theory 
that by checking the venous return, he prevents a 
portfttion of the auieathetic from the area of injection, 
whilo dilution of the drug by blood is also lessened. 

In other words it is assumed that cocaine, instead of 
being rapidly absorbed into the circulation, is by this 
method able slowly to permeate the tissues and exert 
its paralysing action upon the peripheral nerve endings. 




Dr. Corning also employs specially eonstrtieted rings 
and biemoatatio clamps, to effect the same " mca,rcera- 
tion of the anteathetdc." The method may prove ser- 
viceable when cocaine ia nsed, bat, as we have indicated, 
the employment of frequent aud numeroaa injections of 
the drug are not devoid of danger. In estimating the 
value of thia theory alao, due regard must be had to 
the consideration that a limb surrounded by tight oorda 
or a touraiqnet ia thus rendered to some extent insensi- 
tive, a fact which may account for Dr. Corning finding 
only small doses of cocaine requisite. Eobson, Kiimmer 
and others who have tried the method apeak well of it. 
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Accounts of the effects differ bo widely, that it is 
wholly impossible to do more than indicate the class of 
cases ia which cocaine has been recommended as an 
efficient anfestbetic. 
In ophthalmic practice. 
Cataract operations. 
Eemoval of foreign bodies. 
Laceration. 
Iridectomy, 
Iridodesis, 
Sclerotomy. 

Slitting up the eanahculi. 
To this hat some surgeons add tenotomy for strabis- 
mus, and estirpation of the eyeball. 

Many minor eye operations have been purposely 
omitted. Even in the above named cases, cocaine 
must not be too implicitly trusted, for it fails with 
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eome individuals, and no means exist which enable ub 
to determine beforehand when it will succeed or 
Panophthalmitis has followed its nae for eye operati 
When employed for extirpation of the globe or teno- 
tomy, instillation is not sn£Bcient, and subconjunctival 
injection is necessary. In many cases patients 
plain that the division of the deepei: structures causes 
much pain in spite of cocaine. The presence of glau- 
coma is a contra- indication to the use of cocaine, in- 
deed according to Javal ite constant use may cause a 
glaucomatous condition. 

Although advocated for operations undertaken to 
remove foreign bodies from the cornea, &o., cocaine 
possesses a serious drawback, inasmuch as it induces 
flaccidity'of the eyeball, and ao seriously impedes 
operative measures. 

Optratiom abotit the Larynx, Pharynx, etc. — 

Ulceration of epiglottis, scraping. 

Removal of polyps from larynx. 

Cutting off the uvula. 

Gathetcrising of the Eustachian tubes. 

Eemoval of polyps from the nose or ear. 

Cauterising the nasal meatuses. 
Exciiion of the Tongue has been attempted, but without 
uniform success. 

Ahecessea, boils, and carbuncles may be opened, and 
many of the small operations classed under minor 
surgery performed, after the injection of cocaine. 

Operation on the Urino- generative Tract. — The injection 
of a few drops of a two per cent, solution into the 
urethra is said to render catheterisation painless, but 
this is only true when no stricture exists. In like 
manner the operations of lithotrity and litholapaxy may 
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be undertaken after an injection of cocaine, a stronger 
aolation (five per cent.) in these cases will better answer 
tlie purpose. 

In Dental Surgery. 
The adjustment of clamps and separators. 
The introduction of wedges. 
The application of ligatures for the rubber. 
The manipulation of deep cervical edges of cavi- 
ties, whether for excavating, filling, trimming or 
pohsliing. 
The removal of tartar in pyorrhcea alveolaris. 
The modelling of sensitive and irritable mucous 
membranes. For this purpose a paint of a 10 
per cent, solution is used, or a spray of 2 or 4 
per cent, according to the degree of eensibihtj 
manifested by the parts. 
For lancing and excising gum-tiHSue. 
For the rehef of pain after extraction, though 
cocaine is usually inadequate to accomplish this. 
For aniesthetising pulpa before extirpatioa. 
For obtunding sensitive dentine (results are not 
upon the whole satisfactory). 
Many observers have come to the conclusion that 
cocaine is a failure when employed to efi'ect painless 
tooth extraction ; small doses are inadeqaate, and larger 
ones too frequently give rise to constitutional derange- 
ment, which is always prejudicial and often alarming. 
As a rnle, a grain is needed to aniesthetise sufficiently 
to permit of extraction, and ten minutes must be al- 
lowed to elapse before applying the forceps. Many 
patients are greatly terrified by the pricking of the 
hypodermic syringe. It is best to inject by three pune- 
me on the lingual, and two on the labial aspect 
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of the tooth. One of tliese being before, and one ba- 
liind the prominent ridge oa the buccal alveolus, they 
will correspond to the roots of the tooth to be extracted. 
Messrs. Cunningham and Hern (Odont. Tram., Tol. 
xis.) have published some carefully noted cases in 
whieh cocaine used for dental purposes lias given rise 
to very ansatisfactorj if not alarming results. 



Major Operatioks, 

A few surgeons have undertaken section of bones, 
clamping of hiemorrhoids, circumcision, &c., but tlie 
successes recorded are not such as to justify the use of 
cocaine in these operations, unless under most excep- 
tional circumstances. In all these cases, repeated and 
large doses of cocaine have to be injected, and therefore 
we cannot be sure that most disastrous constitutional 
effects may not follow. We have moreover to remem- 
ber, that a conscious patient is always more or less a 
terrified one, and so uot in a favourable frame of mind 
for surgical proceedings. 



AND AftER-EfPEOTS ATTENDDJQ THE DSB OF 

Cocaine, with tbeir Tbbatuent. 

Severe headache, palpitation, failure of the heart, 
with repeated attacks of fainting, prfficordial pain, and 
sensation of stifling, and inabiHty to obtain suEBcient 
air, may be esperionced even after small doses. 

Tingling, formication, muscular wealmess, verygo, 
and muscular inco- ordination, cold sweats, utter proa- 
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tratiou, aud extreme dron'siuesE, are also not uncomaioii 
symptoms. Muscular uiovemeuts almost amounting to 
convulsions may occur, and in some persons peraiatent 
pendulous oscillations of tlie head follow the use of 
cocaine, greatly disturbing the operations (dental), 
which it was sought to achieve. 

Nausea and vomiting Bometimes occur, together with 
cramping pains in the abdomeu. 

These untoward symptoms may last several hours, 



a less than o 
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; they may be slight, or so 



are persistent nausea, 
derangement of di- 



or pas3 o 
serious as to c 

The most usual aft, 
headache, anorexia, sleeph 
gestion, and great mental depression. 

Treatment.— A careful watch heing kept over the 
patient, any signs of heart failure or insufficient re- 
spiration must be at once treated. The patient is to 
be placed on his hack, his arms and legs raised, his 
head hanging below the level of his body, and all cloth- 
ing loosened about the neck, chest, and waist, while 
cold air is admitted. If he can swallow, a teaspoonful 
of sal volatile m half a wmeglass of water shonld he 
given in sips Stiong tmelling salts should be sniffed, 
the prfficordium aud front of the chest dashed with a 
wet cold towel, and smapiams put to the calves of the 
legs and nape of the neck. If he cannot swallow, 
brandy should be rubbed with a fiu^'ei over the tongue, 
the inside of hps and mouth. Subsequently, small 
doses — half a teaspoonful of brandy— should be given 
every ten minutes until pallor disappears. Nitrite of 
amyl in capsules, or three drops on a handkerchief, 
may be held to the nose. 

"Warm tea and hot coffee give a patient comfort after 
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tlie syncope has passed off, and will alao relieve head- 
ache. 

As a rule, absolute quiet iu ulie prone position, with 
snl volatile, wUl bring a patient round without the aid 
of alcohohc stimulauta and the more heroic treatment 
detailed above. 

Should respiration become greatly hamperedj arti- 
ficial means should be at onoe adopted to maintain 
breathing. 

Cocaine has no distinct antidote, although marked 
physiological antagonism exists between this substance 
and morphine. Sldnner has suggested the use of 
atropine, Mosso that of chloral, to counteract the con- 
vulsive properties of cocaine. 

Several fatal cases of cocaine poisoning have 
occurred. In the case of Professor Colomuine's patient 
23 gr. proved fatal, this dose having been injected into 
the rectum in order to allow of scraping an ulcer. In 
another case death resulted from 3 j . of a 20 per. cent, 
solution introduced into the urethra as a, preliminary 
to internal urethrotomy. Swabbing out the larynx 
with a two per cent, solution has also proved fatal (Dr. 
W. H. Long quoted by Dr. J. B. Mattison). This 
patient was aged 83 and had nearly died previously as 
a result of the application of a 4 per cent, solution to 
his larynx. Dr. Mattison, of Brooklyn, has also re- 
ported fifty cases in which death seemed imminent, and 
in several eases actually followed the use of even small 
doses. These cases comprise those of persons for whom 
cocaine sprays, injections, painting of mucous surfaces, 
instillatious iu the conjunctiva, had been used, also of 
stufBng cocaine -moistened pledgets into carious teeth, 
Brucine, and a substance called dnimine, have 
o2 
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been suggested as local aQ^athetica, but the former U 
little used, while ilrumiDe has been bIiowh to be oxalate 
of lime prepared from a euphorbiaccons plant and to 
be devoid of aniestbetic properties. 



Other MExnoca 




Ftq. 31.— Dr. EicLard ami's Ether Spraj. ] 

' Ether Spray (Dr. B. W. Eicbardson).- 
cut explains the simple meebanism of tbis useful cod- 
trivance. A bottle containing specially prepared etber,* 
is ti-averseil by an air current propelled by a band ball so 
valved as to admit, but not allow the escape of air save 
by its traversing the ether. Tlie second ball which is 
covered with net, acts as a reservoir. Air forced into 
the ether atomises it throngh a dehcate tube, causing 
it to escape in a fine apray. Ether impinging upon 
the skin or mucous membrane causes so rapid an 
evaporation from its surface, that its beat is abstracted 
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Bichardspn recoiu meads anliydroiia ether, sp. 
lul part of hydride of amyl (KhiRolene). 



)'730, mixed 
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with aufflcient rapidity to numb tlie part, tljus paralys- 
ing the termination a of tlie seuaory nerves. 

Tiie auffistlieaia la confined to the skin and is very 
transient. Eeeovery of sensation when the spray 
ceases to work, is often accompanied with very painful 
smarting and tingling. The great drawback of the 
method is that the instruments and akin get thickly 
coated with ice which obscures the parts, rendering the 
use of the koife almost impoaaible. Further, under 
ether spray it is difficult to see and secure blood-veaaels, 
and painful to do this when the anssthesia has passed 
off. Uuleee care be taken, the akin may be so much 
frozen that a slough like that of froat-bite will follow. 

Chloride of Methyl (CHsCl) .—Another method 
of rendering tieaue insensitive by refrigeration is that 
obtained by allowing the liquid chloride of methyl to 
drop upon the akin or mucous membrane. It possesses 
a boiling point of —23" C, is capable of being kept in 
the hquid state in metal bottles under a liigh preasute. 
There is some slight danger in using it, namely, that 
unlesa the action is kept carefully under control, and 
this ia not easy, there may be severe injury to the 
vltahty of the tissue subjected to its influence. 

Alcohol has been used to produce local antesthesia. 
It possesses the property of removing sensation to pain, 
while tactile sense peraists. Alcohol is cooled by 
placing it in ice and salt, to ten degrees or so, below 
freezing point, and the part to be numbed is then 
placed iu it. The use of alcohol for anfflsthotic pur- 
poses is not advisable except ae a make-ahift. 

CarhoUc acid painted over the skin possesses some 
benumbing power, but its effect does not penetrate at all 
deeply, and is disadvantageous inasmiich as the tissue 
touched is damaged by the caustic action of the acid, 





Faradic currents directed for some mini] tee tbrongli 
an area of skin or mucous tnembraue, are held by a few 
to produce anceetheBia. At one time this metliod was 
in YogiiB among dentista ; it has now fallen into diense. 
A recent attempt has been made to revive this plan, an 
improved apparatus being employed, bnt the snccesB 
achieved seems to have been so elight as to make it 
hardly necessary to particularise its features. 

Rhigolene, a product of the distillation of petroleum, 
was introduced by Eichardson, who employed it instead 
of etlier in his atomising spray. Bhigolene has a 
sp. gr. of 'G25 ; it ia one of the most volatile suh&tances 
known, and so needs to be kept in strong, well-stop- 
pered bottles. 

The uses and precautions described under the head, 
"local amesthesia — Ether " apply to rliigolene. 

Bisulphide of carbon, although an effectual local 
anajsthetic, when used from a spray or by irrigation, 
possesses the insuperable disadvantages of having a dis- 
gusting odour and of being a potent poison. 
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CHAPTER Xn. 



MBmco-LEGiL A.apECTB of the ADMiNisTRATroN OF 

AuffiSTHRTICa, 

The administration of an anEestlietic to a patient who 
is not a minor, against liia will, constitutes an aesault. 
Wlien a pfttient has voluntarily submitted himself to be 
anfflsthetised, he may, under the influence of terror, dur- 
hig an early stage of the proceedings attempt to pre- 
vent further narcosis ; he is then not sufBciently guided 
by his reason, and the administrator is bound in the 
patient's interest to take his own course. 

The anffisthetist, hke any other medical man, is Uable 
to prosecution for malpraxis ; it tlien rests with him to 
prove that whatever steps he took were adopted after 
due consideration and because ho believed them to be 
the best he could follow for the benefit of his patient. 
Such questions as the following might arise : — Did the 
aniBstlietist undertake a duty which knowledge, skill, 
and experience had qualified him to fulfil ? Did he 
employ the most suitable agent according to hia view of 
the exigencies of the case ? and did be administer it 
with due skill and after the moat approved method ? 
Did be possess himself of all necessary facta with 
regard to the patient's bodily condition ? and did he 
make due allowance for these in the treatment which 
he pursued ? And, in the event of an accident of any 
kind, did he adopt the right and appropriate treatment 
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indicated in such an emergency ? and was this done 
with due promptitude ? 

Anaesthetics have been employed to assist in the per- 
petration of various crimes upon the person narcotised. 
Thus, an anaesthetic may be given, it is alleged, with- 
out the consent of a person ; or when given with his or 
her consent to effect a lawful procedure, advantage 
may be taken of the anaesthetised person's helpless con- 
dition to perpetrate a crime. 

Can an anaesthetic be administered without consent ? 

Firstly, can this be done whilst a person is awake 
and in full possession of his senses ? Formerly many 
oases came into the law courts in which the complain- 
ant alleged that a handkerchief saturated with chloro- 
form was waved before his face and unconsciousness 
followed immediately. This we now know to be an 
impossibility ; a period of time varying from two to 
twelve or more minutes must elapse before an indivi- 
dual succumbs to chloroform, and during this time 
fresh supplies of the andesthetic would be needed. 
Further, chloroform in most cases produces so much 
excitement, that one person would find it a difficult 
matter to keep the victim sufficiently still to complete 
the anaesthesia, and would hardly do so without much 
noise and disarrangement of the victim's clothing. 
Further, unless food is avoided before the anaesthetic' 
is given, vomiting is very liable to occur, and with it a 
return to consciousness. 

It is often alleged by the supposed victim that he, or 
she, was conscious of what was transpiring, but was 
powerless ahke to speak or resist. Such statements 
must be received with the utmost caution. It is true 
that P^an records cases in which patients, though ren- 



UEDICO-LEOAL ASPECTS. 201 

dered analgesic by etlier, retained tiieir conacioneDess 
ftB to what was in course of proceeding. Cases like 
Pdan's must be so exceptional tliat one is tempted to 
believe the ansesthetic was administered very imper- 
fectly, and that faith in the assurance of the surgeon did 
the rest. Snow also admits the possibility of persons 
imperfectly chloroformed being conscious and yet 
powerless to resist. lu attempts at criminal violeuoe 
under an antesthetic administered witliout the victim's 
consent — fear, excitement, and straggles, would all be 
against the possibility of arriving at loss of voluntary 
power without deep narcosis. It is very doubtful 
whether a person, be he an expert or not, could nar- 
cotise a waking adult against his will unless there 
existed a very unusual disproportion between the 
Btrength of the two individuals. In the case of B. v. 
Snarey, the prosecutrix alleged that she had been ren- 
dered inaensiblQ instantly by something being held 
over her face upon an handkerchief, and that in that 
condition she had been violated. This contention 
could not in a present state of knowledge he admitted 
by experts. However, in a parallel case, that of White 
t'. Howarth, the prosecutrix made a similar assertion, 
iind added that she was aware of what was going on 
but was unable to resist. 

Although the time required to thoroughly aiiffisthetise 
a patient is longer when chloroform is used, than when 
ether is employed, yet, from the highly irritating nature 
of ether vapour it is less easy to administer to an un- 
willing patient than chloroform. And lurther, it 
requires the use of some apparatus entirely excluding 
air, and is hence less easy to manipulate by non- 
experts. In general it may he affirmed, that if chloro- 



form can only be used for criminal purposes witli 
difficulty, with ether such attempte would prove still 
lesa easy. 



I 



Can a Person be Ahjesthetised cubing Sr^Ep '? 

Dolbean made careful esperimeats with reference to 
this subject, and his coaclusions are certainly consonant 
with the experience of most skilled unrostbetistB. 

He first attempted to anssthetise four persons during 
sleep. Three were awakened in the procesa. In his 
second series of cases four persons out of six awakened, 
and in his third series only three persons awakened out 
of nine to whom he administered chloroform while 
sleeping. Dr. Turnbull asBerta that either chloroform 
or ether may be given during sleep without awakening 
the subject of the experiment. I have no doubt that 
chloroform may in many cases be so administered, but 
am less sure about ether ; in either oaao certain condi- 
tions must be present to ensure snecese. Only the 
greatest care, skill, and familiarity with the anaesthetic 
used would suffice, and theu we must predicate the 
subject to be a sound sleeper. But it is highly im- 
probable that a novice in anassthetios would succeed in 
such an attempt. 

A further question arises, upou which evidence may 
be sought, and that is whether in the event of Ms es- 
caping capture, it is possible to prove the person at- 
tempting to administer an anieathetic with criminal in- 
tent was one skilled in its use. To determine QiU 
offers some difficulties. The presence of apparatus, 
the method in wliich lint or a handkerchief is folded, 
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fiT blistering of the lips and nose from aUowiug the 
clilorofbrm to drop upon the face, may offer a clue. If 
ether be employed we may be Bure that the person 
using it poaaesaed some knowledge, and had resort to 
an apparatus, since ether given by the open method 
seldom if ever carries the patient beyond a stage of 
delirious excitement producing bellicose struggles sncli 
as would effectually prevent the accomplishment of 
any criminal design, 

Ante:jthetic3 have been given to assist in the com- 
mittal of BOBBBKY, BAPE and MUTU.A.TION, What has 
been said above leavea little to add with regard to 
robbery. 

Attempted Rape under An:Csthetics. 

Many cases have now been reported in which the 
prosecutrix haa affirmed that a dentist or surgeon has 
■violated her person while she was und th fl n f 
an aniestlietic. So frequent are eh g that th 

greatest care should be taken on th p t f an pa 
tor in order to ensure the presence fa thirl p n at 
least within ear-abot, and preferablj w th n ht f th 
administration. No administrate { an anie th t 
safe from having such a charge pi f d n t h m 

and if he and hie supposed victim a 1 t mply 

a case of word against word. Further, the woman maj 
be enceinte at the time of the alleged rape, and may 
subsequently give birth to an infant whose parentage 
ehe may find it convenient to fasten upon the medical 
man. 

But it is not only designing bad women who bring 
BucL charges. Modest, virtuous, and refined gentle- 
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women have been prosecutrices in these cases. The 
canae for this remarkable and deplorable state of things 
is fortunately not far to eeetc. Chloroform, ether, 
nitrons oxide gas, cocaine, and possibly also the other 
carbon compounds employed in producing aniesthegia, 
possess the property of exciting eesiial emotions, and in 
many cases produce erotic hallucinations, It is un- 
doubted that in certain persons sexual orgasm may 
occur daring the Induction of aniesthesia. Women, 
especially when suffering from ovarian or uterine irrita- 
tion, are prone to such hallucination, and it is almost 
impossible to convince them after their recovery to con- 
sciousness that the subjective sesual sensation is not of 
objective existence. It is stated that women at theii 
menBtcnal periods are more prone to erotic hallucina- 
tions than at other times, a fact which may be borne in 
mind. A ease cited by Dr. RichardBon will illustrate 
this statement, A young lady had chloroform adminis- 
tered to her by the doctor in the presence of a dentist 
and of the young lady's mother and father. After the 
tooth had been extracted, and the patient became con- 
Bcious, she steadfastly afBrmed that she had been 
criminally assaulted by the dentist, and to this state- 
ment she adhered although the four persons present 
in the room strove to disabuse her mind. 

In considering the evidence in such cases, the follow- 
ing points need especial attention : — 

Nature of the ana.ithetic, — Chloroform, ether, and the 
other members of the carbon acffisthetic series, cer- 
tainly render persons wholly unable to protect them- 
selves from any personal ill-usage. The body of the 
amesthetised patient is, however, rendered utterly flaccid, 
and is a dead weight. If then there is any question of 
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moving the body, as for esample, from a. dental chair, 
and again back into the chair, it must be remembered 
that Buoh an undertaliing would he exceedingly diffi- 
cult for one individual however strong, and could 
hardly he ftccomplishod without causing mach disar- 
rangeraent of clothing. 

On the other hand, if the offence was alleged to 
have been committed when the patient was under the 
influence of nitrous oxide gas, it would have to be borne 
in mind that the effect of this gas is to produce first 
muscular rigidity and subseciuently violent jactitation. 
Farther, uuc on scion sneaa only persists for about half 
a minute, or in exceptional cases a triffe longer, and 
the patient regains her senses with control over her 
muscles all at once. This being so it is exceedingly 
improbable that even a premeditated and sldlfully 
planned attempt at violation would be successful if mada 
under nitrous oxide gae. 

A caution is needed about admitting the evidence of 
a person only just recovered from au auEestlietic. The 
following case illustratea this : — A dentist appealed to a 
friend to extract a tooth. Under gas he struggled so 
violently that the operation was not performed, but as 
i to, he reproached hia friend most bitterly, 
telling him he had felt the whole pain of the extraction 
iind was even then suffering torture. 

Death undbk an Anesthetic, 

It becomes requisite to decide whether the death waa 
suicidal, accidental, or due to an anesthetic given by a 
second person, and then whether that mdividual waa 
QD expert or not. Persons frequently employ chlorO' 
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form as an anodyne, and nianj deaths have i 
from the stopper coming oat of the bottle, the c 
escaping npon the patient's pillow. The presence of a 
phial near the corpse might point to self- ad ministra- 
tion. Ether is not used simiiarly, and ts not selected 
by enicides. One death ft^m nitrous oxide gaa is re-J 
corded from America. A dentist whilst nnder the L 
fluence of drink, placed himself in his chair and tai 
ing on the gas held the face-piece over his mouth a 
uose. In the morning he was foand dead and Uw 1 
gasometer empty. 

It is important to carefully search for evidence as Ukfl 
how the aniesthetic was administered, as this msyfl 
determine whether it was done tteunilum artem 
unskilfully. 

The enqairy into a death supposed to be horn i 
aniEBthetic commences with the questioa — was it dnj^ 
to the narcotic, or to haemorrhage, shock, exhaueUos, 
or some other mischance following surgical interfer- 
ence. The mode of death due to chloroform, ether, and 
other agents is described under the heading ekhroform. 



The CHOICE of the an.csthetic would have to be justi- 
fied ; thus were chloroform given for a simple tooth 
extraction in Ueu of the safer agent nitrous oxide gas, 
and were the patient to succnmb, the adminiftrator 
could with reason be severely censured for subjectingj 
his patient to such an unnecessary danger. 

All aniesthetics are dangerous. In the hands of 
skilled in their use this danger is minimised ; but what- 
ever may he individual uses aud opinions, the general 
consensus of beUef places amesthetics in the following 
order of safety : — nitrons oxide gas when used for shor(. 
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Operations ; ether ; cliloroform. Other substances are 

uffieiently often to naake statistics reliable, 

but the following table gives a rough estimate of their 
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Table Showing Death-hate usr 
THETic Bonn 


EETHE 


Various An^s- 


Chloroforna (Coles, Virginia) .. 


63 


lC2,2flO 


„ (Richardson) 


1 


2500 to SOOO 


,, Baudens (during Crimean 




War) 


1 


10,000 


War of Secession .. 


1 


11,-14S 


Lawrie (Hyderabad) 





45,000 


Juilliard (Geneva) ... 


IGl 


524,507 


Ether (Andrews)! 


1 


23,204 


„ Juilhard (Geneva) 


1 


14,987 


„ Lee (Chicago) 


4 


92,816 


Nitrous oxide gas 


1 


100,100 


Amylene" 


2 


238 


Hydrobromic ether* 


2 


(?) 


A.C.E. Mixture, No. not ascertain able ^: 




Methylene mixture 


1 


5000 


It must be added that Bcotla 


d presents a series of 


statistics much more favourabl 


to chloroform ; thus 


out of 3G,500 administrations at the Edinburgh lufir- 



* No great slresB ana be laid upaa anch Sgures, ae in ma: 
flaithoucurred «9cy early in the career of aa aiiteatlielio, 
endered further trials of it inadvifiable. 

t Probably too low an estimate. 

J Eiohardaon states erroneously that no death haa occur 
A.C.E, mixtnie. Dr. Beeve, of DaytoD, Ohio, reporta S dea 
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maty during ten years, only one death has been rOM 
carded. loqtiiries recently made have revealed tluJ^ 
several deaths from chloroform have occurred at the 
various snrgical centres of Scotland, bo that the above 
estimate can do longer be taken as a rehable statement 
of the death-rate from chloroform. 

Dr. McEwen gives his own results at Glasgow (oont'^ 
puted, not recorded) aa 11,886 cases of anffiBtheticH,! 
500 of wliich were ether cases. lie maltes Tarioiul 
deductions from his total and regards 10,000 -with one! 
death as his chloroform record. Sir George Macleod 1 
mentions 15,000 cases with one death, and Dr. f 
Buchanan 9,000 with one death. This gives the total] 
of 34,000 with 3 deaths, or 1 in 11,000 about, for three | 
leading Scotch surgeons. 

Questions of responsibility vhen the patient dies-1 
under aa anffisthetic may involve those as to whether I 
the most suitable aniesthetic was given him. 
times a patient refuses one aniesthetic, preferring 
another ; here the administrator clearly cannot shirk 
responsibility, but must give that agent which he deems 
best, without regard to the whim of the patient. In I 
the converse case, when death occurs during the admin- I 
istration of an ancesthetic which the patient declined to 
taUe until persuaded, cajoled, or cheated into so doing, 
the anjBsthetist would have to show that his special 
knowledge guided him in making his selection, which , 
although it led to a fatal result, was in point of fact, the | 
best he could do for the patient. In the employment o 
a new or untried aniestbetic, very grave responsibility J 
would rest with the administrator unless he very Ailly-I 
and clearly esplained the possible results, and obtained! 
the patient's consent to the experiment. 
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ICSSIQO-LXGAL ASPECTS. 

A question which we have not yet considered arises — 
who in the eye of the law is quahSed to admiuistet an 
ftniesthetic ? At present some uncertainty exists upon 
the point, owing to discretionary power being left to the 
operator to assume the so-called responsibility of the 
aniesthetic. Thus butlers, coaohmen, dispensers, and 
Tarioua unqualified persons are frequently permitted 
to give the anffisthetic, or as the phrase is, " keep it 
going," while the surgeon besides operating is supposed 
to exercise a general supervision over the administra- 
tor's proceedings. If any accident happens, the cer- 
tificate is duly signed by the surgeon, and the coroner's 
court admits the principal's evidence. It cannot be 
doubted that to give any individual an aniesthetio sub- 
jecting iiim to a minimum of danger is all one person 
can do, and can only be accomphshed by those specially 
instructed and experienced in anesthetics. 

Were an action for damages raised upon a death 
occurring under the above named circumstances, there 
is Uttle doubt that the persons proceeded against would 
be heavUy mulcted, since nothing short of the utmost 
emergency could justify the proceeding. 

Eecently an action for malpraxis was taken out in a 
Colonial court against a medical man who lost a patient 
whilst he was administering oliloroform. The question 
rested upon whether the anteathetic was rightly and 
Bkilfully given, which being taken as proved, the court 
decided the case in favour of the medical man. 

How far dentists practising with or without the 
L,D.S. diploma are legally justified in administering 
Bniesthetics is a moot point. Many hold that the 
L.D.S. confers a right to the administration of nitrons 
oxide gas, but no other form of ancesthetic. In the 
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United Kingdom no trial case hag, I believe, been con- 
teflted. The ground for tliia affirmation tbat licentiates 
in dental surgery possess Buch a right has no legal 
baeis, but has grown out of the belief that the use of 
nitrous oxide gas is part and parcel of the dentist's 
husineaa, and that bo he has a, right to employ it. 
This, however, applies with equal force to all registered 
dental practitioners. Probably the issue would hinge, 
in the present ambiguous condition of the law, rather 
upon the previous experience and recognised skill of 
the person administering the auiEsthetic, than upon 
bare qualification. Thus, could it be shown that a 
registered practitioner, after two or three thousand 
successful administrations, met with an accident, in 
spite of all due care and precaution, he would probably 
be in a better position than would a well qualified prac- 
titioner, who met with a fatality presumably through 
mal- adroitness, if it were shown that be had never ob- 
tained a practical experience in antes theti sing. 

In any case a person would be open to grave cen- 
sure, if not Hable for malpraxis, were he to uudertaie 
the administration of an anaesthetic, and operate 
single-handed, unless it could be shown that to do so 
was a necessity, no help bein^ accessible. 

It has been made a subject of much debate with 
whom rests the responsibility of the choice of the 
ancesthetic, the surgeon who operates, or the ames- 
thetist who gives the chloroform or ether, io. ? 
Clearly this must depend entirely upon the under- 
standing which exists between the two. If the an£Bs- 
thetist is called in as an expert to decide what anaa- 
thetic is best for any given patient, his must be the 
whole responsibility ; while if he is present simply as an 
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aBBistant to the Burgeon to give in the 1 
way an anffisthetic which is named by the latter, his 
reaponsibility can extend only bo far as the actual ad- 
ministration is ooneerned. If tlie two disagree the 
surgeon insisting npon an anfesthetic which the 
thetist conBcientioualy believes will jeopardise the 
patient's life, the surgeon oannot cover the anffisthetist, 
and the latter has but one course to adopt, namely, to 
retire from the case. As, however, the esperionoe of 
the surgeon will probably equal that of his colleague, 
and as the patient is his, it is a grave step for any 
anffisthetist to adopt, and oould only be justified in 
most extreme cases. 
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The deaths which have occurred when the patient 
had inhaled or watt iuhaUng the gas, cannot be imputed 
to any specific action it exercised. In some cases heart 
faUnre occurred upon the patients, resuming conscious- 
ness before the operation was comphtid, and in others 
respiration was interfered with by gags slipping and 
setting up laryngeal spasm. In a recent case death 
occurred in an elderly lady who wore extremely tight 
Qorsets, whose heart was diseased and whoso stomach 
contained food. The gas was also administered twice. 
Unquestionably there is danger if the patient is al- 
lowed to feel pain, especially in operations tipon the 
fifth pair of nerves, but httle if any when the gas is 
given fully and the operator warned to desist before 
s returns. 

Tlie P.M. appearances are simply those of death 
from Byneope, or death from asphyxia. 
' p 2 
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Death fbom Ethbr, 

If viewed before death, the iudividual will be found 
to be lethargic or comatose, breathing slowly, deeply, 
and with stertor, the skin pale aud cold aud covered 
with clammy sweat. The exposed mucous membranes 
will bo purplish; t!ie face livid ; the pulse quick, soft, 
small, aud compressible. Complete muscular relaxa- 
tion gives the body a flaccid doughy feel. The eye is 
fixed and glassy, and usually smeared with a thick film 
of munus, the pupil is dilated and insensitive to light. 
The body temperature is depressed several degrees 
below normal. 

If the vapour haa been inhaled, a much smaller dose 
is needed than when ether is swallowed. The effects 
given above may be brought on in from three to five 
minutes. Sis drachms to an ounce are necessary to 
produce narcotism when swallowed. 

Post-mortem appearanceB.—If examined within 
twenty-four hours after death, the brain, Inrtgs, liver, 
spleen or kidneys, upon being cut give a strong ethereal 
smell. The blood is dark and thick, although still 
fiuid. The lungs are congested posteriorly and filled 
with aerated spumous fluid in front (Taylor), The 
bronchial mucous membrane is reddened from injection 
throughout its entire extent. The cerebral and spinal 
vessels are found congested, and the meninges stained. 

Ether when swallowed has not caused death in the 
human subject (Taylor). Orfila, experimenting upon 
dogs, found the mucous membrane of the stomach of 
a blacky-ted colour, acutely inflamed by a lethal dose 
of ether. 
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The duodenum was also red and inflamed, the heart 
contained black blood which was partly coagulated. 

The detection of ether by analysis. — Ether in 
liquid ia distilled from the etomaeh contents and !ed 
tlirough a glass tube eontaiDing asbestoa moietened by 
a mixture of sulphuric acid and saturated solution of 
bichromate of potash. The asbestos turns green. 

Its odour is also characteristic ; ether burns with a 
smoky yellow flame; it is only slightly soluble in water. 

The tissues. —In recent examinations the odour is 
characteristic. Since but little ether is absorbed by the 
blood, and of this little some is converted into aldehyde 
(Taylor), it is almost impossible to separate ether from 
it or the solid tissues by distillation. 



Death from PotsoNmo by Chloroform 

May occur through inhaling the vapour or drinking 
the fluid. If examined before death the individual will 
be comatose, breathing stertorously with slow, shallow 
respirations. The skin will be cold and blanched, tlie 
face hvid, the lips ashen in hue, the pulse imperceptible, 
and the pupils may be widely dilated, but insensitive to 
light. Muscular flaccidity is present, but epileptiform 
convulsions often occur. 

Post-mortem appearances. — In cases of death 
from chloroform the appearances reported vary very 
much, and this is probably due to the confusion present 
in the minds of many persons concerning the 

of cause and effect. Thus death from asphyxia, 
fear, shock, and so on, are attributed to chloroform ; 
and further, the autopsies are seldom made soon enough 
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to 1)8 of any value, while auflioient note is seldom taken 
of the stage in which death oocurretl. We should ex- 
pect the endaveric appearances presented ia the first 
etage to differ widely from those found in the last stage, 
and yet in hut few records have I been able to find any 
information bearing directly upon this point. 

In the earlier stage chloroform congests the vessels 
of the brain and cord, and so this condition, although 
inconstant, ia sometimes found. 

The lungs are usuaUy deeply congested, the lieart 
empty, flaccid, or containing a little fluid blood. In 
some cases the right heart is full, even to distension, of 
dark fluid blood (asphyxia). The blood remains fluid, 
it is very dark and is said occasionally to contain bub- 
bles of gag (Taylor), Snow, analysing thirty-four oases, 
describes visceral engorgement, but in some instances 
he found tlie lungs normal. Casper denies that any of 
the features pictured above are pathognomonic ot 
chloroform poisoning. When the drug is swallowed it 
produces gastro -enteritis, and pathological appearances 
resulting from this would be seen post-mortem, 

Detection of chloroform — The odour very soon 
passes off. Dr. Taylor failed to detect any in the 
blood half an hour after administration. Analysis of 
the blood also fails to reveal any evidence after half 

AnalyslB of the tissues.— The substance sup- 
posed to contain chloroform is placed in a flask, one end 
of which is in a hot-water bath, the other commuai- 
oating with a tubnlure which ia heated by a flame. 
The bath is raised to 1C0° while the tube is heated to 
Chloroform vapour driven off by the heat of 
the water bath is spUt up as it traverses the tube. 
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cblorine and hydro chloric acid liemg set free. The 
vapour reddens blue litmus, precipitates solutions of 
nitrate of silver, and liberates iodine from iodide of 
potasBium which is tested in the usual way with starch 
paper. 

Self- Indulgence in Anesthbtios. 
"habit" has been unhappily created for most 
forma of anffisthetios. Thus, some persons become ad- 
dicted to self-administration of chloroform; others to 
that of ether ; others again to that of chloral ; while 
cocaine also has its victims. It is not within the scope 
of the present work to describe the proper modes of 
treating the slaves of such unfortunate habits, but 
merely to draw attention to them, that medico-legal 
questions arising out of such depraved practices may 
we due notice. Nitrous oxide gas, although pre- 
senting greater difficulties to self- administration, has 
yet led some weakly principled persons to practise self- 
induction of anfflstliesia by its aid. 

The possibihty of the subject of an inquiry — in cases 
of supposed suicide or murder by anffisthetiee — being an 
habitue of one of them, should not be aUowed to drop 

I out of mind. 
Insanity following the Administration or 
Anesthetics. 
Among persons predisposed to insanity the adminis- 
tration of anmsthetics may, in certain rtire cases, deter- 
mine an attack of mania. " It is the fact of the 
temporary distiirbauce of function, and not the means 
bj which this is produced, which is of most impor- 
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tance '* (Savage). It is stated upon the high authority 
of Dr. Savage that chloroform, ether, nitrous oxide gas, 
and indeed any anesthetic, is capable of so interfering 
with brain functions, that the delirium of commencing 
narcosis may become reproduced upon the patient's 
recovering from the sway of the anesthetic, and may 
either persist as intractable mania or pass off after ex- 
pending its violence in a sharp but transient maniacal 
seizure. This liability was also noted in 1865 by 
various speakers at the meeting of the Superintendents 
of American Institutions for the Insane, at least as fiar 
as chloroform and ether were concerned. The possi- 
bility of such a result ensuing upon the administration 
of an ansBsthetic to a person either highly neurotic or 
coming from a family in which insanity has been 
developed, should be borne in mind when such indivi- 
duals are examined with a view to ascertain their fitness 
for ausBsthetisation. 
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